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PREFACE 


A condensed form of NASTRAN® Level 16 is described. Included are descrip- 
tions of the input cards, the programming language of the direct matrix abstrac- 
tion program, the plotting, the problem definition, the modules' diagnostic 
messages, and sample problems that relate to the capabilities retained in the 
condensed form. This guide can serve as a handbook for instructional courses 
in the use of NASTRAN or for users who only need the capability provided by the 
condensed form. 
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INTRODUCTION 

NASTRAN^- (NASA Str uctural Analysis) is a finite-element computer program 
for structural analysis and is intended for general use. As such, it must 
answer to a wide spectrum of requirements and must permit future modifications 
and continued expansion to new problem areas. But because of its size, cost, 
generality, and voluminous documentation, NASTRAN has not gained popularity 
among universities and small consulting firms. For the most part, these organi- 
zations neither need all the capability NASTRAN provides nor can they afford 
the cost of more recent levels. To provide a form of NASTRAN compatible with 
their needs, a condensed NASTRAN was created. This condensed form of NASTRAN 
is simply a limited capability form of Level 16. 

Capabilities for a condensed form of NASTRAN were selected after discus- 
sions with engineers, programmers, and university professors who are familiar 
with NASTRAN. The three types of analysis that appeared to be most widely 
favored were 

Linear static analysis 

Vibration analysis 

Buckling analysis 

The user-oriented language used to perform these analyses in the condensed form 
of NASTRAN is called DMAP (direct matrix abstraction program). DMAP instruc- 
tions consist of two types: functional modules and executive operations. 

Functional modules are arbitrarily classified as structural modules, matrix 
operation modules, and utility modules. All remaining modules are classified 
as executive operations. With DMAP, the user can go beyond the scope of the 
three previously mentioned structural analyses and can also solve a broad range 
of nonstr uctural matrix problems, all within the framework of NASTRAN. In order 
to use this condensed form of NASTRAN, the user is expected to be familiar with 
the rudiments of finite-element structural analysis and to be aware of basic 
modeling concepts. A detailed knowledge of computer programming is not required 
although some training will help. 

The user must first define the structural model by using finite elements. 
Information on problem definition is given in section 1.1. The number of cards 
(executive, case control, and bulk data) that the user can input to the con- 
densed form of NASTRAN in order to describe the model has beeh limited. 
Descriptions of these cards can be found in section 2. Only four finite ele- 
ments are available for structural modeling; they include BAR (single beam), 
SHEAR (shear panel), TRIA2 (triangular membrane and bending), and TRIMEM 
(triangular membrane). In addition, the C0NM2 (concentrated mass) is also 
included. Only one method of eigenvalue extraction (i.e. , inverse power), can 
be selected for vibration and buckling analysis. The user can obtain a graphi- 

1 NASTRAN: Registered trademark of the National Aeronautics and Space 

Administration. 
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cal display of the structural model by using the NASTRAN plot package. The 
Stromberg-Carlson, CalComp, and NASTRAN general purpose plotters are permitted. 
Section 3 contains complete details of the plotting capability. The user has 
58 modules with which to do DMAP programming. Rules for using these modules 
in DMAP programming are found in section 4, and the modules themselves are 
described in section 5. Many diagnostic messages are provided in section 6 to 
help the user. Finally, four sample problems are given in the appendix. 

Four technical manuals document the NASTRAN Level 16 program. The NASTRAN 
Theoretical Manual (ref. 1) presents a topic-by- topic discourse on the theory, 
assumptions, and methods of analysis for those interested in the background 
of NASTRAN. The NASTRAN User's Manual (ref. 2) is devoted to describing those 
items related to the use of NASTRAN that are independent of the computing 
system being used. The third document is The NASTRAN Programmer's Manual 
(ref. 3) which describes the details of the program, its organization, its 
file structure, and its implementation on each of three computer systems (i.e., 
IBM 360-370, UNIVAC 1100 Series, and Control Data 6000 Series) for which NASA 
maintains NASTRAN. The NASTRAN Demonstration Problem Manual (ref. 4) illus- 
trates the types of problems that can be solved with NASTRAN and shows that 
the results are valid. 

The present publication serves only as a guide for using the condensed form 
of NASTRAN. Additional information required with respect to the programming, 
user, or theoretical aspects of NASTRAN is available in the previously mentioned 
manuals. 

Any reference made to NASTRAN within the text refers to the condensed form 
of NASTRAN unless specifically stated otherwise. 

Identification of commercial products in this report is used to adequately 
describe the model. The identification of these commercial products does not 
constitute official endorsement, expressed or implied, of such products or manu- 
facturers by the National Aeronautics and Space Administration. 


1. STRUCTURAL MODELING 


1.1 Problem Definition 

The grid-point definition forms the basic framework for the structural 
model. All other parts of the structural model are referenced either directly 
or indirectly to the grid points. A grid point is a point in three-dimensional 
space at which three components of translation and three components of rotation 
are defined. The coordinates of each grid point are specified by the user. 

The structural element is a convenient means for specifying many of the 
properties of the structure, including material properties, mass distribution, 
and some types of applied loads. In static analysis by the displacement method, 
stiffness properties are input exclusively by means of structural elements. 

Mass properties used in the generation of inertia loads are input either as 
properties of structural elements or as properties of grid points. In dynamic 
analysis, mass and stiffness properties may be input either as the properties 
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of structural elements or as the properties of grid points (direct input 
matrices) . 

Structural elements are defined on connection cards by referencing grid 
points. Sometimes when NASTRAN is used, all the information required to gener- 
ate the structural matrices for the element is given on the connection card. 
Most of the time, the connection card refers to a property card on which the 
cross-sectional properties of the element are given. The property card, in 
turn, refers to a material card which gives the material properties. 

Single-point constraints are used to limit selected degrees of freedom to 
either zero or a prescribed value. Omitted points are used as a tool in matrix 
partitioning and to reduce the number of independent degrees of freedom in the 
matrix used for analysis. Free-body supports are used to remove stress-free 
motions in static analysis and to evaluate the free-body inertia properties of 
the structural model. Static loads are applied to the structural model by con- 
centrated loads at grid points. 


1.2 Grid-Point Definition 

The description of a structural model is input to NASTRAN on data cards. 

Each data card contains a name or mnemonic which indicates the type of informa- 
tion on the card. Grid points are defined on GRID data cards (GRID is the 

mnemonic) by specifying coordinates in either the basic or a local coordinate 
system. The implicitly defined basic coordinate system is rectangular. Local 
coordinate systems may be rectangular, cylindrical, or spherical. Each local 
system must be related either directly or indirectly to the basic coordinate 
system. The C0RD1C, C0RD1R, and C0RD1S cards are used to define cylin- 
drical, rectangular, and spherical local coordinate systems, respectively, in 
terms of three grid points which have been previously defined. 

Six rectangular displacement components (three translations and three 
rotations) are defined at each grid point. The local coordinate system used 
to define the displacements may be different from the local coordinate system 
used to locate the grid point. Both the location coordinate system and the dis- 
placement coordinate system are specified on the GRID card for each geometric 
grid point. The orientation of displacement components depends on the type of 
local coordinate system used to define the displacement components. If the 
defining local system is rectangular, the displacement system is parallel to 
the local system and is independent of the grid-point location, as indicated 
in figure 1(a). If the local system is cylindrical, the displacement compo- 
nents are in the radial, tangential, and axial directions, as indicated in fig- 
ure 1(b). If the local system is spherical, the displacement components are in 
the radial, meridional, and azimuthal directions, as indicated in figure 1(c). 
Each geometric grid point may have a unique displacement coordinate system 
associated with it. The collection of all displacement coordinate systems is 
known as the global coordinate system. All matrices are formed and all dis- 
placements are output in the global coordinate system. The symbols Tl, T2, 
and T3 on the printed output indicate translations for each grid point in the 
1, 2, and 3 directions, respectively. The symbols Rl, R2, and R3 indicate 
rotations about the three axes. 
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Provision is also made on the GRID card to apply single-point constraints 
to any displacement component. Any constraints specified on the GRID card are 
automatically used for all solutions. Constraints specified on the GRID card 
are usually restricted to those degrees of freedom that will not be elastically 
constrained and hence must be removed from the model in order to avoid singu- 
larities in the stiffness matrix. 


1.3 Grid-Point Sequencing 

The best decomposition times and equation solution times are obtained if 
the grid points can be sequenced in such a manner as to create matrices having 
small numbers of active columns. The decomposition time is proportional to the 
sum of the squares of the number of active columns in each row of the triangu- 
lar factor. The equation solution time (forward and backward substitution) is 
proportional to the number of nonzero terms in the triangular factor. 

In selecting the grid-point sequencing/ it is not important to find the 
best sequence; rather, it is usually satisfactory to find a good sequence and 
to avoid bad sequences that create unreasonably large numbers of active columns. 
For many problems, a sequence which results in a band matrix is a reasonably 
good choice but not necessarily the best. Also, sequences which result in small 
numbers of columns with nonzero terms are usually good but not necessarily the 
best. A sequence with a larger number of nonzero columns frequently has a 
smaller number of nonzero operations in the decomposition when significant 
passive regions exist within the active columns. 

Examples of proper grid-point sequencing for one-dimensional systems are 
shown in figure 2. For open loops, a consecutive numbering system should be 
used, as shown in figure 2(a). This sequencing results in a narrow band matrix 
with no new nonzero terms created during the triangular decomposition. Gen- 
erally, there is an improvement in the accumulated round-off error if the grid 
points are sequenced from the flexible end to the stiff end. 

For closed loops, the grid points may be sequenced either as shown in fig- 
ure 2(b) or figure 2(c). If the sequencing is as shown in figure 2(b), the 
semiband is twice that of the model shown in figure 2(a). The matrix initially 
contains a number of zeros within the band which become nonzero as the decompo- 
sition proceeds. If the sequencing is as shown in figure 2(c), the band portion 
of the matrix is the same as that for figure 2(a). However, the connection 
between grid points 1 and 8 creates a number of active columns on the right-hand 
side of the matrix. Solution times are the same for the sequence shown in fig- 
ure 2(b) or 2(c) because the number of active columns in each sequence is the 
same. 


Examples of grid-point sequencing for surfaces are shown in figure 3. For 
plain or curved surfaces with a pattern of grid points that tends to be rectan- 
gular, the sequencing shown in figure 3(a) results in a band matrix that has 
good solution times. The semiband is proportional to the number of grid points 
along the short direction of the pattern. If the pattern of grid points shown 
in figure 3(a) is made into a closed surface by connecting grid points 1 and 17, 
2 and 18, and so forth, a number of active columns equal to the semiband are 
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created. If the number of grid points in the circumferential direction is 
greater than twice the number in the axial direction, the sequencing indicated 
in figure 3(a) is a good one. However, if the number of grid points in the 
circumferential direction is less than twice the number in the axial direction, 
the use of consecutive numbering in the circumferential direction is more effi- 
cient. An alternate sequencing for a closed ^loop is shown in figure 3(b), where 
the semiband is proportional to twice the number of grid points in a row. For 
cylindrical or similar closed surfaces, the sequencing shown in figure 3(b) has 
no advantage over that shown in figure 3(a) since the total number of active 
columns is the same for either sequencing pattern. 

With the exception of the central point, sequencing considerations for the 
radial pattern shown in figure 3(c) are similar to those for the rectangular 
patterns shown in figures 3(a) and 3(b). The central point must be sequenced 
last to limit the number of active columns associated with this point to the 
number of degrees of freedom at the central point. If the central point is 
sequenced first, the number of active columns associated with the central point 
is proportional to the number of radial lines. If there are more grid points 
on a radial line than on a circumferential line, the consecutive numbering 
should extend in the circumferential direction, beginning with the outermost 
circumferential ring. In this case, the semiband is proportional to the number 
of grid points on a circumferential line and there will be no active columns 
on the right-hand side of the matrix. If the grid points form a full circular 
pattern, the closure creates a number of active columns proportional to the 
number of grid points on a radial line, provided that the grid points are 
numbered as shown in figure 3 (c) . Proper sequencing for a full circular pat- 
tern is similar to that discussed for the rectangular arrays shown in fig- 
ures 3(a) and 3(b) for closed surfaces. 

Sequencing problems for actual structural models can frequently be 
handled by considering that the model consists of several substructures. Each 
substructure is first numbered in the most efficient manner. The substructures 
are then connected so as to create the minimum number of active columns. The 
grid points at the interface between two substructures are usually given num- 
bers near the end of the sequence for the first substructure and as near the 
beginning of the sequence for the second substructure as is convenient. 


1.4 Stiffness Element Definitions 

Stiffness elements are defined on connection cards that identify the grid 
points to which the element is connected. The mnemonics for all such cards 
have a prefix C, followed by an indication of the type of element, such as CBAR. 
The order of the grid-point identification defines the positive direction of 
the axis of a one-dimensional element and the positive surface of a plate ele- 
ment. The connection cards include additional orientation information when 
required. Each connection card references a property definition card. If many 
elements have the same properties, this system of referencing eliminates a 
large number of duplicate entries. 

The property definition cards define geometric properties such as thick- 
nesses, cross-sectional areas, and moments of inertia. The mnemonics for all 
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such cards have a prefix P, followed by all the characters used on the associ- 
ated connection card, such as PBAR. Other included items are the nonstructural 
mass and the location of points where stresses will be calculated. Each prop- 
erty definition card references a material property card. 

For plate elements, a different property card is provided for each type 
of element such as membrane plates. Thus, each property card contains only the 
information required for a single type of plate element, and usually a single 
card has sufficient space for all property information. To maintain uniformity 
in the relationship between connection cards and property cards, a number of 
connection card types contain the same information, such as the connection 
cards for the various types of triangular elements. Property cards for tri- 
angular elements of the same type contain the same information. 

The material property definition cards are used to define the properties 
for each of the materials used in the structural model. The MAT1 card is used 
to define the properties for isotropic materials, and it may be referenced by 
any of the structural elements. 

If any two or more elements are truly identical (orientation, geometry, 
etc.), a CNGRNT card may be used so that the same element matrices are not com- 
puted more than once. One element is designated the primary element. The 
stiffness and mass matrices are calculated for only that element. Other iden- 
tical elements are designated secondary elements. They use the stiffness and 
mass matrices previously calculated for the primary element. 


1.4.1 Bar Elements 

The bar element is defined with a CBAR card; its properties (constant over 
the length) are defined with a PBAR card. The bar element includes extension, 
torsion, bertding in two perpendicular planes, and the associated shears. The 
shear center is assumed to coincide with the elastic axis. Any five of the six 
forces at either end of the element may be set equal to zero by using the pin 
flags on the CBAR card. The integers 1 to 6 represent the axial force, the 
shearing force in plane 1, the shearing force in plane 2, the axial torque, the 
moment in plane 2, and the moment in plane 1, respectively. 

The element coordinate system is shown in figure 4(a). End a is offset 
from grid point a by an amount measured by vector ^ a , and end b is offset 
from grid point b by an amount measured by vector The vectors ^ a 

and l&i-, are measured in the global coordinates of the connected grid point. 

The X-axis of the element coordinate system is defined by a line connecting' 
ends a and b of the bar element. The orientation of the bar element is 
described in terms of two reference planes. The reference planes are defined 
with the aid of vector This vector may be defined directly with three 

components in the global system at end a of the bar or by a line drawn from 
end a to a third referenced grid point. The first reference plane (plane 1) 
is defined by the X-axis and the vector The second reference plane 

(plane 2) is 1 defined by the vector cross product (fc x v) and the X-axis. 

The subscripts 1 and 2 refer to forces and geometric properties associated 
with bending in planes 1 and 2, respectively. The reference planes are not 
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necessarily principal planes. The coincidence of the reference planes and the 
principal planes is indicated by a zero product of inertia (I 12 ) on the PBAR 
card. If shearing deformations are included, the reference axes and the prin- 
cipal axes must coincide. When pin flags and offsets are used, the effect of 
the pin is to free the force at the end of the element X-axis of the beam, not 
at the grid point. The positive directions for element forces are shown in 
figure 4(b). The following element forces, either real or complex (depending 
on the rigid format) are output on request: 

Bending moments at both ends in the two reference planes 

Shears in the two reference planes 

Average axial force 

Torque about the bar axis 

The following real element stresses are output on request: 

Average axial stress 

Extensional stress due to bending at four points on the cross section 
at both ends (optional, calculated only if user enters stress 
recovery points on PBAR card) 

Maximum and minimum extensional stresses at both ends 

Margins of safety in tension and compression for the whole element 
(optional, calculated only if user enters stress limits on MAT1 
card) 

Tensile stresses are given a positive sign, and compressive stresses are given 
a negative sign. Only the average axial stress and the extensional stresses 
due to bending are available as complex stresses. The stress recovery coeffi- 
cients on the PBAR card are used to locate points on the cross section for 
stress recovery. The subscript 1 is associated with the distance of a stress 
recovery point from plane 2. The subscript 2 is associated with the distance 
from plane 1. 

1.4.2 Shear Panel Elements 

The shear panel is defined with a CSHEAR card, and its properties are 
defined with a PSHEAR card. A shear panel is a two-dimensional structural ele- 
ment that resists the action of tangential forces applied to its edges but does 
not resist the action of normal forces. The structural and nonstructural mass 
of the shear panel is lumped at the connected grid points. 

The element coordinate system for a shear panel is shown in figure 5(a). 
The integers (I) , ( 5 ) , (3) , and (4) refer to the order of the connected grid 
points on the CSHEAR card. The element forces are output on request. The 
positive directions for these forces are indicated in figure 5(b). These 
forces consist of the forces applied to the element at the corners in the 
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direction of the sides, kick forces at the corners in a direction normal to the 
plane formed by the two adjacent edges, and shear flows (force per unit length) 
along the four edges. The shear stresses are calculated at the corners in 
skewed coordinates parallel to the exterior edges. The average of the four 
corner stresses, the maximum stress, and the margin of safety are output on 
request. 



(a) Coordinate system. 
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(b) Corner forces and shear flows. 

Figure 5.- Coordinate system and element forces for shear panel. 


1.4.3 Plate Elements 


NASTRAN includes triangular plate elements and two different stress sys- 
tems (membrane and bending) which are uncoupled. There are two different forms 
of plate elements that are defined by connection cards: 

CTRMEM - triangular element that has finite inplane stiffness and 
zero bending stiffness 

CTRIA2 - triangular element that has both inplane stiffness and bend- 
ing stiffness and assumes a solid homogeneous cross section 

The properties for these two elements are defined on the PTRMEM and PTRIA2 
cards, respectively. The effect of transverse shear flexibility is automati- 
cally included for the CTRIA2 element. Structural mass is based on the mem- 
brane thickness. Differential stiffness matrices are generated for the two 
plate elements . 

The element coordinate system for triangular plate and membrane elements 
is shown in figure 6. The integers 1, 2, and 3 refer to the order of the con- 
nected grid points on the connection cards that define the elements. 


Y 



Figure 6.- Plate and membrane element coordinate system. 
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Average values of element forces are calculated for all plate elements 
that have a finite bending stiffness. The positive directions for plate and 
membrane elements, forces, and stresses in the element coordinate system are 
shown in figure 7. The following element forces per unit of length, either 
real or complex, are output on request: 

Bending moments on the X and Y faces 

Twisting moment 

Shear forces on the X and Y faces 
The following real membrane stresses are output on request: 

Normal stresses in the X and Y directions 
Shear stress on the X face in the Y direction 
Angle between the X-axis and the major principal axis 
Major and minor principal stresses 
Maximum shear stress 

Only the normal stresses and shearing stress are available in the complex form. 

If the plate element has bending stiffness, the average stresses are cal- 
culated on the two faces of the plate for homogeneous plates and at two speci- 
fied points on the cross section for other plate elements. The distances to 
the specified points are given on the property cards. The positive directions 
for these fiber distances are defined according. to the right-hand sequence of 
the grid points specified on the connection card. These distances must be non- 
zero in order to obtain nonzero stress output. The same stresses that are cal- 
culated for membrane elements are also calculated for each of the faces. 


1.5 Mass Element Definitions 

Inertia properties are specified directly as mass elements attached to 
grid points and indirectly as the properties of stiffness structural elements. 
In addition, dynamic analysis mass matrix coefficients that are directly 
referred to the global coordinate system may be specified. Some portions of 
the mass matrix are generated automatically although other portions are not. 
Mass data may be assembled according to two different kinds of relationships: 
lumped mass assumptions or coupled mass considerations. 


1.5.1 Lumped Mass 

The partitions of the lumped mass matrix are shown in equation (1). The 
terms in this equation are given in the description of the C0NM2 card in 
section 2.2. 


14 





Scalar 

1st 

^moment 

1st 

2nd 

moment 

moment 


The only portion of the lumped mass matrix that is automatically generated 
is the scalar partition. In this context, automatic generation means calculat- 
ing the mass from the structural elements that are connected to a given grid 
point by using only the information provided on the element connection and 
property card. All the stiffness structural elements (bars, shear panels, and 
plates) may have uniformly distributed structural and nonstructural mass. 
Structural mass is calculated from material and geometric properties. The mass 
is assumed to be concentrated in the middle surface or along the neutral axis 
for bars so that rotary inertia effects, including the torsional inertia of 
beams, are absent. 

In the lumped mass method, the mass of an element is simply divided into 
equal portions and each portion is assigned to only one of the surrounding grid 
points. Thus, for bars, one-half the mass is placed at each end; for uniform 
triangles, one-third the mass is placed at each corner. The lumped mass matrix 
is independent of the elastic properties of elements. There are no other auto- 
matic routines for providing mass terms for the lumped mass approach. 


1.5.2 Coupled Mass 

In the coupled mass approach, properties of mass that pertain to a single 
structural element include off-diagonal coefficients that couple action at 
adjacent grid points. To invoke the automatic generation of the coupled mass 
matrix, the parameter C0UPMASS is indicated on the PARAM card. If selected 
coupled mass properties are desired only for certain element types, a second 
parameter call is invoked which specifies the desired elements. For further 
details, see the PARAM bulk data card. When using C0UPMASS, the nonzero terms 
are generated in the off-diagonal positions of the mass matrix that correspond 
generally to nonzero terms of the stiffness matrix. A mass matrix generated by 
the coupled mass approach, therefore, generally has a density and topology 
equivalent to that of the stiffness matrix. 

Off-diagonal mass terms may also be created during Guyan reduction when 
the 0MIT bulk data card is used to condense the stiffness and mass matrices. 

Any mass associated with the omitted degrees of freedom is redistributed to the 
remaining degrees of freedom to form a coupled mass matrix. 


1.5.3 Mass Input 

It may be desired to add mass terms to the structure in addition to those 
associated with structural elements. For instance, in a lumped mass formula- 
tion, additional masses involving rotational degrees of freedom must be inde- 
pendently calculated and input manually by using bulk data cards. 
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The concentrated mass elements C0NM2 may be used to add mass terms 
directly to a single grid point. The C0NM2 element is used to specify a rigid 
body with mass and inertia properties that is connected to a single grid point 
(offsets are allowed) . 

On the C0NM2 card, double subscripting is used only for the second moment 
partition. The program multiplies each cross product of inertia term from 
C0NM2 user data by -1 before assembling these data into the mass matrix in 
order to make them correspond to the requirements of equation (1) . 

In all cases, a combination of mass input can be used. For instance, the 
translational inertias can be generated automatically by the element routines, 
and the first and second moment properties can be provided through C0NM2 cards. 
Some elements can be used to provide coupled mass properties through the 
C0UPMASS parameter. 


1.5.4 Symbols Used in Figures 4, 5, and 7 


F X 


F 12' F 14' F 21' 
f 23 ' f 32 ' f 34 ' 
F 41' F 43 

k 1 ,k 2 ,k 3 ,k 4 

M X /M y 


m XY 


M la'Mi b ,M 2a fM2b 


< 31 '< 32 ' 33 '34 ' 
T 

vi, v 2 
V X' V Y 


w a' w b 


°X' a Y 


t XY 


axial force in bar 

inplane corner forces in shear panel 

normal or kick forces in shear panels 

direct bending moments in plates 

twisting moment in plates 

moments in bar 

shear flows in shear panel 

torsion in bar 

vector defining normal axis 

shear forces in bar 

direct shear forces in plates 

offset vectors at ends a and b 

direct stresses in plates and membranes 

shearing stresses in plates and membranes 
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1.6 Constraints and Partitioning 

Structural matrices are initially assembled in terms of all structural 
grid points. These matrices are generated with six degrees of freedom for each 
geometric grid point and a single degree of freedom for each scalar point. 
Various constraints are applied to these matrices to remove undesired singu- 
larities and to provide boundary conditions and other desired characteristics 
for the structural model. 

Single-point constraints are used to limit a degree of freedom to either 
zero or a prescribed value. The following three types of bulk data cards are 
provided for the definition of constraints: 

Single-point constraint cards (SPC) 

Cards to define reaction points on free bodies (SUP0RT) 

Cards to define the omitted coordinates in matrix partitioning 
(0MIT) 

The latter type does not produce constraint forces in static analysis. 

1.6.1 Single-Point Constraints 

A single-point constraint applies a fixed value to a translational or rota- 
tional component at a geometric grid point or to a scalar point. One of the 
most common uses of single-point constraints is to specify the boundary condi- 
tions of a structural model by fixing the appropriate degrees of freedom. Mul- 
tiple sets of single-point constraints can be provided in the bulk data deck, 
with particular selections made at execution time by using the subcase option 
in the case control deck, as explained in section 2.3. This option is particu- 
larly useful in solving problems that have one or more planes of symmetry. 

If elements connected to a grid point do not provide resistance to motion 
in certain directions, the stiffness matrix is singular. Single-point con- 
straints are used to remove these degrees of freedom from the stiffness matrix. 

A typical example is a planar structure composed of membrane and extensional 
elements. The translations normal to the plane and to all three rotational 
degrees of freedom must be constrained since the corresponding stiffness matrix 
terms are all zero, if a grid point has a direction of zero stiffness, the 
single-point constraint need not be aligned exactly in that direction but only 
needs to have a component in that direction. This allows the use of single- 
point constraints for the removal of such singularities regardless of the orien- 
tation of the global coordinate system. Although the displacements depend on 
the direction of the constraint, the internal forces are unaffected. 

One task performed by the structural matrix assembler is to examine the 
stiffness matrix for singularities at the grid-point level. Singularities that 
remain at this level after the application of the single-point constraints are 
listed in the grid-point singularity table (GPST) . The GPST contains all 
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possible combinations of single-point constraints in the global coordinate sys- 
tem that can be used to remove the singularities. 

Single-point constraints are defined on SPC and SPCADD cards. The SPC card 
is the most general way of specifying single-point constraints. The SPCADD card 
defines a union of single-point constraint sets specified with the SPC card. 

Single-point constraints can also be defined on the GRID card; however, 
the constraints are part of the model and modifications cannot be made at the 
subcase level. Also, only zero displacements can be specified on the GRID card. 


1.6.2 Free-Body Supports 

A free body is defined as a structure that is capable of motion without 
internal stress (i.e., a free body has one or more rigid-body degrees of free- 
dom) . The stiffness matrix for a free body is singular, with the defect equal 
to the number of stress-free or rigid-body modes. A solid three-dimensional 
body has up to six rigid-body modes. Linkages and mechanisms can have a greater 
number. To permit the analysis of mechanisms, no restriction is placed in the 
program on the number of stress-free modes. 

Free-body supports are defined with a SUP0RT card. In either case, only 
a single set can be specified, and if such cards appear in the bulk data deck, 
they are automatically used in the solution. Free-body supports must be defined 
in the global coordinate system. 

In static analysis by the displacement method, rigid-body modes must be 
restrained to remove the singularity of the stiffness matrix. The required 
constraints may be supplied with single-point constraints or free-body supports. 
If free-body supports are used, the rigidjbody characteristics are calculated 
and a check is made on the sufficiency of the supports. Such a check is 
obtained by calculating the rigid-body error ratio as defined in the rigid-body 
matrix generator operation. This error ratio is automatically printed follow- 
ing the execution of the rigid-body matrix generator. The error ratio should 
be zero but may be nonzero for any of the following reasons: 

Round-off error accumulation 

Insufficient free-body supports 

Redundant free-body supports 

The redundancy of the supports may be caused by improper use of the free-body 
supports themselves or by the presence of single-point constraints that limit 
the rigid-body motions. 

Rigid-body vibration modes are calculated by a separate procedure, pro- 
vided that a set of free-body supports are supplied by the user. This process 
improves efficiency and, sometimes, reliability. If the user does not specify 
free-body supports (or specifies an insufficient number of supports) the 
(remaining) rigid-body modes are calculated by the method selected for the 
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finite frequency nodes, provided zero frequency is included in, the range of 
interest. If the user does not provide free-body supports and if zero fre- 
quency is not included in the range of interest, the rigid-body inodes are not 
calculated. 


1.6.3 Partitioning 

A two-way partitioning scheme is provided as an optional feature for the 
NASTRAN model. The partitions are defined by listing the degrees of freedom 
for one of the partitions on the 0MIT card. These degrees of freedom are 
referred to as the omitted set. The remaining degrees of freedom are referred 
to as the analysis set. 

Partitioning can be used to improve efficiency in solving ordinary statics 
problems where the bandwidth of the unpartitioned stiffness matrix is large 
enough to cause excessive use of secondary storage devices during the triangular 
decomposition of the stiffness matrix. In this application, the analysis set 
should be relatively small and should be selected so that the omitted set con- 
sists of uncoupled partitions, each having a bandwidth of approximately the 
same size but being smaller than the original matrix. The omitted set might 
be thought of as consisting of several substructures that are coupled to the 
analysis set. 

One of the more important applications of partitioning is Guyan reduction. 
This technique is a means for reducing the number of degrees of freedom used 
in vibration analysis with a minimum loss of accuracy. Guyan reduction is based 
on the fact that considerably fewer grid points are needed to describe the iner- 
tia of a structure than are needed to describe its elasticity with comparable 
accuracy. The error in the approximation is small, provided that the set of 
displacements used for vibration analysis is judiciously chosen. The set's mem- 
bers should be uniformly dispersed throughout the structure, and all large mass 
items should be connected to grid points that are members of the analysis set. 

The user is cautioned to consider that the matrix operations associated 
with this partitioning procedure tend to create nonzero terms and to fill what 
were previously very sparse matrices. The partitioning option is most effec- 
tively used if the members of the omitted set are either a very large fraction 
or a very small fraction of the total set. In most of the applications, the 
omitted set is a large fraction of the total set, and the matrices used for 
analysis, although small, are usually full. If the analysis set is not a small 
fraction of the total set, a solution that uses the larger but sparser matrices 
may well be more efficient. The partitioning option can also be used to make 
modest reductions in the order of the problem by placing a few scattered grid 
points in the omitted set. If the points in the omitted set are uncoupled, the 
sparseness in the matrices is well preserved. 


1.7 Static Loads 

In NASTRAN, static loads are applied to grid points in two ways: 
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Loads applied directly to grid points (using F0RCE and M0MENT 
cards) 

Equivalent loads resulting from enforced displacements of grid points 
(using SPC cards) 

Any number of load sets can be defined in the bulk data deck. However, only 
those sets selected in the case control deck as described in section 2.3 are 
used in the problem solution. The manner of selecting each type of load is 
specified on the associated bulk data card described in section 2.2. 

The F0RCE card is used to define a static load applied to a geometric 
grid point in terms of components defined by a local coordinate system. The 
orientation of the load components depends on the type of local coordinate sys- 
tem used to define the load. The directions of the load components are the 
same as those indicated in figure 1 for displacement components. The M0MENT 
cards are used in a similar fashion to define the application of a concentrated 
moment at a grid point. 

Equivalent loads resulting from enforced displacements of grid points are 
calculated by the program and are added to the other applied loads. The mag- 
nitudes of the enforced displacements are specified on SPC cards in the global 
coordinate system. The application of the load is automatic when the user 
selects the associated SPC set in the case control deck. 

The L0AD card in the bulk data deck defines a static loading condition 
that is a linear combination of load sets which consist of loads applied 
directly to grid points. The application of the combined loading condition is 
requested in the case control deck by selecting the set number of the L0AD 
combination. 

Equivalent loads (enforced deformation and enforced displacement) must 
have unique set identification numbers and be separately selected in the case 
control deck. For any particular solution, the total static load is the sum 
of the applied loads and the equivalent loads. 


1.8 Analyses Descriptions 

This condensed form of NASTRAN is merely a limited capability form of 
NASTRAN Level 16. In general, it can be used to solve three types of problems: 
statics, vibration, and buckling. A description of each type analysis follows. 
The user should refer to the appendix to see how to apply a DMAP sequence to 
static, vibration, and buckling analyses in particular. In general, DMAP may 
be used for any problem. 


1.8.1 Linear Static Analysis 

The linear static analysis uses most of the features available in NASTRAN 
for model definition. These features include specification of coordinate 
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systems, grid-point locations, element connectivities, material properties, and 
constraints, as well as direct grid-point and element loadings. The results 
available for output consist of weight and balance information, displacements, 
grid-point loadings, element forces and stresses, and support reactions. The 
user may also request plots of both the undeformed and the deformed structural 
model. 


1.8.2 Vibration Analysis 

This method provides for a normal modes analysis of undamped systems with 
symmetric matrices. It generates both the mass and stiffness matrices and also 
offers the inverse power method for eigenvalue extraction. Available output 
includes the resulting eigenvalues and natural frequencies, mode shape deflec- 
tions, modal forces and stresses for selected elements, modal reaction forces, 
modal mass, and plots of the structural model for each mode shape. 


1.8.3 Buckling Analysis 

NASTRAN provides for differential stiffness. The differential stiffness 
effects provide the user with a second-order approximation to the nonlinear 
effects of large deflections. Applied loads are assumed to move with their 
points of application and remain fixed in magnitude and direction. The differ- 
ential stiffness matrix is computed as an addition to the original stiffness 
matrix from the work done by each element in response to a user-specified pre- 
load. Buckling analysis takes the differential stiffness matrix and, together 
with the original stiffness matrix, solves an eigenvalue problem to obtain the 
critical load factor that will produce buckling. This critical load factor, 
or eigenvalue, multiplied into the preload vector gives the critical loading 
at which the structure would go unstable. The eigenvector obtained is the mode 
shape in which the structure would buckle. 


1.8.4 Direct Matrix Abstraction Programs 

The user also has the DMAP (direct matrix abstraction program) programming 
language at his disposal. The DMAP facilities include the instructions that 
are required to perform matrix operations and data manipulation, to exercise 
executive control, to perform structural computations, to exercise user-designed 
functions programmed by the user, and to output the desired results. Utility 
DMAP instructions may be used to output data to tape for input to programs 
external to NASTRAN and to read input data generated outside of NASTRAN. When 
difficult modeling problems arise, these DMAP instructions may be used to 
retrieve internal NASTRAN data blocks, to perform special operations to verify 
the accuracy of a solution, or to extract intermediate results. All these 
options can be used to help detect the source of errors, to avoid problems, or 
to improve the results. This extensive capability allows the user to go beyond 
the scope of the existing analyses and solve a broad range of nonstructural 
matrix problems within the framework of NASTRAN. 
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2. NASTRAN DATA DECK 


2.1 General Description of NASTRAN Data Deck 

The NASTRAN data deck is constructed in the following order: 

NASTRAN Card (section 2.5) 

Executive Control Deck (section 2.4) 

Case Control Deck (section 2.3) 

Bulk Data Deck (section 2.2) 

The NASTRAN card is optional but if used must always come first. It is 
used to change the default values for certain system parameters. The NASTRAN 
card is followed by the executive control deck, which identifies the job and 
the type of solution to be performed and also contains DMAP. The case control 
deck follows. This deck selects items from the bulk data deck, which comes 
last. The bulk data cards are used to define the structural model and the 
various pools of data which may be selected by case control at execution time. 
The bulk data deck is usually the first group of data prepared by a user and 
hence is described first in this guide. 

The general construction of the NASTRAN data deck is shown as follows: 
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2.2 Bulk Data Deck 


The primary NASTRAN input medium is the bulk data card. These cards are 
used to define the structural model and the various pools of data which may be 
selected by case control at execution time. 

' I, 

The bulk data deck may be submitted with the cards in any order because 
a sort is performed prior to the execution of the input file processor. The 
user may obtain a printed copy of either the unsorted or sorted bulk data by 
selection in the case control deck. 

The bulk data card format is variable to the extent that any quantity 
except the mnemonic can be punched anywhere within a specified 8- or 16-column 
field. The normal card uses an 8-column field, as indicated in the following 
diagram of a small field bulk data card: 



The mnemonic is punched in field 1 beginning in column 1. Fields 2 to 9 are 
for data items. The only limitations in data items are that they must lie com- 
pletely within the designated field, have no embedded blanks, and be of the 
proper type (i.e., blank, integer, real, double precision, or BCD). All real 
numbers including zero must contain a decimal point. A blank will be inter- 
preted as a real zero or integer zero as required. Real numbers may be encoded 
in various ways. For example, the real number 7.0 may be encoded as 7.0, .7E1, 
0.7+1, 70.-1, or .70+1. A double-precision number must contain both a decimal 
point and an exponent with the character D, such as 7.0D0. Double-precision 
data values are only allowed in a few situations, such as on the PARAM card. 

BCD data values consist of one to eight alphanumeric characters, the first of 
which must be alphabetic. 

Normally field 10 is reserved for optional user identification. However, 
for continuation cards, field 10 (except column 73 which is not referenced) is 
used in conjunction with field 1 of the continuation card as an identifier and 
hence must contain a unique entry. The continuation card contains the symbol + 
in column 1, followed by the same seven characters that appeared in columns 74 
to 80 of field 10 of the card that is being continued. This arrangement allows 
the data to be submitted as an unsorted deck. 

The small field data card should be more than adequate for the kinds of 
data normally associated with structural engineering problems. Since abbrevi- 
ated forms of floating point numbers are allowed, up to seven significant 
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decimal digits may be used in an eight-character field. Occasionally, however, 
the input is generated by another computer program or is available in a form 
where a wider field would be desirable; then, the larger field format with a 
16-character data field is provided. Each logical card consists of two physi- 
cal cards, as indicated in the following diagram for a large field bulk data 
card: 




The large field card is denoted by placing the symbol * after the mnemonic 
in field la and some unique character configuration in the last seven columns 
of field 10a. The second physical card contains the symbol * in column 1 
followed by the same seven characters that appeared after column 73 in 
field 10a of the first card. The second card may in turn be used to point to 
a large or small field continuation card, depending on whether the continuation 
card contains the symbol * or the symbol + in column 1. The use of multi- 
ple and large field cards is illustrated in the following examples: 


Small Field Card With Small Field Continuation Card 


TYPE 









QED123 

+ED123 











Large Field Card 


TYPE* 





QED124 

*ED124 
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Large Field Card With Large Field Continuation Card 


TYPE* 





QED301 

*ED301 





QED302 

*ED302 





QED305 

*ED305 







Large Field Card Followed by a Small Field Continuation Card and a Large 
Field Continuation Card 


TYPE* 





QED462 

*ED462 





QED421 

+ED421 





QED361 

*ED361 





QED291 

*ED2 9 1 







Small Field Card With Large Field Continuation Card 


TYPE 





QED632 

*ED632 





QED204 

*ED204 







In the above examples, column 73 arbitrarily contains the symbol Q whenever 
field 10 is used as a pointer. However, column 73 could have been left blank 
or contained the same symbol used in column 1 of the following card (i.e., the 
symbols * or +) . 

The detailed descriptions of the bulk data cards are contained in this 
section in alphabetical order. Small field examples are given for each card 
along with a description of the contents of each field. In the format and 
example section of each card description, both a symbolic card format descrip- 
tion and an example of an actual card are shown. Literal constants are shown 
in the card format section enclosed in quotes (e.g., "0"). Fields that must 
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necessarily be blank are indicated in the card format section by when- 

ever they are followed by nonblank fields or whenever such notation will clarify 
the card description. 

The input file processor produces error messages for any cards that do not 
have the proper format or that contain illegal data. 

Continuation cards need not be present unless they contain required data. 
For multiple continuation cards, the intermediate cards must be present (even 
though fields 2 to 9 are blank) if one of the following cards contains data in 
fields 2 to 9. In addition, a double-field format requires at least two cards 
(or subsequent multiples of two) so that ten data fields are included. Thus 
one or more double-field cards may contain no data. 

The bulk data cards used in the condensed form of NASTRAN are as follows: 
CBAR simple beam element connection 

CNGRNT identical elements indicator 

C0NM2 concentrated mass element connection 

C0RD1C cylindrical coordinate system definition 

G0RD1R rectangular coordinate system definition 

C0RD1S spherical coordinate system definition 

CSHEAR shear panel element connection 

CTRIA2 triangular element connection with bending 

CTRMEM triangular element connection 

DMI direct matrix input 

EIGB buckling analysis data 

EIGR real eigenvalue extraction data 

P0RCE static load 

GRID grid point 

L0AD static load combination 

MATl material property definition 

MOMENT static moment 
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0MIT 


omitted coordinates 


PARAM parameter 

PBAR simple beam property 

PSHEAR shear panel property 

PTRIA2 homogeneous triangular element property 

PTRMEM triangular membrane property 

SPC single-point constraint 

SPCADD union of single-point constraint sets 

SUP0RT fictitious support 

$ comment 
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Input Data Card CBAR 


Simple Beam Element Connection 


Description ; Defines a simple beam element (BAR) of the structural model. 
Format and Example ; 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CBAR 

EID 

PID 

GA 

GB 

XI, G0 

X2 

X3 

F 

abc 

CBAR 

2 

39 

7 

3 

13. 

14. 

15. 

2 

123 


+bc 

PA 

PB 

ZlA 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 


+23 


513 









Field 

EID 

PID 

GA,GB 

XI, X2, X3 


G0 


Contents 


Unique element identification number (Integer > 0) 

Identification number of a PBAR property card; default is EID 
(Integer > 0) 

Grid-point identification numbers of connection points 
(integer >0, GA / GB) 

Components of vector v at end a (fig. 1(a)) measured at 

end a; parallel to the components of the displacement coordi- 
nate system for GA; used to determine (with the vector from 
end a to end b) the orientation of the element coordinate 
system for the bar element (real; XI 2 + X2 2 + X3 2 > 0) 

Grid-point identification number to optionally supply XI, X2, 
and X3 (Integer >0, see diagram under field F) 


F 


Flag to specify the nature of fields 6 to 8 as follows: 


6 7 8 


F = blank 




F = 1 

XI 

X2 

X3 

F = 2 

G0 

blank/0 

blank/0 
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PA,PB Pin flags for bar ends a and b, respectively, that are used 

to insure that the bar cannot resist a force or moment corre- 
sponding to the pin flag at that respective end of the bar. 

Up to five of the unique digits 1 to 6 are allowed anywhere 
in the field with no embedded blanks (Integer > 0) . These 
degree-of-f reedcun codes refer to element forces and not global 
forces. The bar must have stiffness associated with the pin 
flag. For example, if pin flag 4 is specified, the bar must 
have a value for J, the torsional constant. 


ZIA, Z2A, Z3A 

ZIB, Z2B, Z3B 


Components of offset vectors $ a and w^, respectively 

(fig. 4(a)) in displacement coordinate systems at points GA 
and GB, respectively (real or blank) 


Remar ks : 1. Element identification numbers must be unique with respect to all 

other element identification numbers. 

2. If there are no pin flags or offsets, the continuation card may 
be omitted. 
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Input Data Card CNGRNT 


Identical Elements Indicator 


Description ; Designates secondary element (s) identical to a primary element. 
Format and Example ; 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CNGRNT 

PRID 

SECIDI 

SEC ID 2 

SECID3 

SECID4 

SECID5 

SECID6 

SECID7 

abc 

CNGRNT 

11 

2 

17 

34 

35 

36 





+bc 

SECID8 

SECID9 


etc. 

















Alternate Form 


CNGRNT 

PRID 

SECIDI 

"THRU" 

SEC ID 2 






CNGRNT 

7 

2 

THRU 

55 







Field Contents 

PRID Identification number of the primary element (not necessarily the 

lowest number) for which the stiffness and mass matrices will 
be calculated 

SECIDi Identification number (s) of secondary element (s) whose matrices 

will be identical to the primary element 

Remarks: 1. Orientation, geometry, etc. , must be truly identical so that the 

same stiffness and mass matrices are generated in the global 
coordinate system. 

2. An element that has been listed as a primary element on any 

CNGRNT card cannot be listed as a secondary element either on 
that card or on any other CNGRNT card. 
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Input Data Card C0NM2 


Concentrated Hass Element Connection 


Description : Defines a concentrated mass at a grid point of the structural 

model. 

Format and Example: 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

C0NM2 

EID 

G 

CID 

M 

XI 

X2 

X3 


abc 

C0NM2 

2 

15 

6 

49.7 





123 


+bc 

111 

121 

122 

131 

132 

133 




+23 

16.2 


16.2 

r 


7.8 





Field 

EID 

G 

CID 

M 

X1,X2,X3 

lij 

Remarks: 


Contents 

Element identification number (Integer > 0) 

Grid-point identification number (Integer > 0) 

Coordinate system identification number (Integer £ 0) 

Mass value (real) 

Offset distances for the mass in the coordinate system defined 
in field 4 (real) 

Mass moments of inertia measured at the mass center of gravity 
in the coordinate system defined by field 4 (real) 

1. Element identification numbers must be unique with respect to 

all other element identification numbers. 

2. The continuation card may be omitted. 
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3. The form of the inertia matrix about its center of gravity 
is taken as follows: 



0 

zM 

-yM 

M 

-zM 

0 

xM 

M 

yM 

-xM 

0 


in 

-121 

-131 

SYM. 


122 

-132 




133 
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Input Data Card C0RD1C 


Cylindrical Coordinate System Definition 


Descr iption ; Defines a cylindrical coordinate system by reference to three 
grid points. These points must be defined in coordinate systems whose 
definition does not involve the coordinate system being defined. The first 
point Gl is the origin, the second G2 lies on the Z-axis, and the third G3 
lies in the plane of the azimuthal origin: 


Z 



Format and Example: 


r "\ r > 

123456789 10 


C0RD1C 

CID 

Gl 

G2 

G3 

CID 

Gl 

G2 

G3 


C0RD1C 

3 

16 

32 

19 







Field 

CID 

G1,G2,G3 

Remarks: 


Contents 

Coordinate system identification number (Integer > 0) 
Grid-point identification numbers (Integer >0; Gl ^ G2 f G3) 

1. Coordinate system identification numbers on all C0RD1R, C0RD1C, 

and C0RD1S cards must be unique. 

2. The three points Gl, G2, and G3 must be noncolinear. 
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3. The location of a grid point (P in the sketch) in this coordinate 

system is given by (R f 0,Z) where 0 is measured in degrees. 

4. The displacement coordinate directions at P are dependent on 

the location of P, as shown by (ur,uq,u z ) . 

5. Points on the Z-axis may not have their displacement directions 

defined in this coordinate system since an ambiguity results. 

6. One or two coordinate systems may be defined on a single card. 




35 



Input Data Card C0RD1R 


Rectangular Coordinate System Definition 


Description : Defines a rectangular coordinate system by reference to three 

grid points. These points must be defined in coordinate systems whose 
definition does not involve the coordinate system being defined. The first 
point G1 is the origin, the second G2 lies on the Z-axis, and the third G3 
lies in the X-Z plane. 


Z 



Format and Example: 


' > f -N 

123456789 10 


C0RD1R 

CID 

Gl 

G2 

G3 

CID 

Gl 

G2 

G3 


C0RD1R 

3 

16 

32 

19 







Field 

CID 

G1,G2,G3 

Remarks: 


Contents 

Coordinate system identification number (Integer > 0) 
Grid-point identification numbers (Integer >0; G1 / G2 ^ G3) 

1. Coordinate system identification numbers on all C0RD1R, C0RD1C, 

and C0RD1S cards must be unique. 

2. The three points Gl, G2, and G3 must be noncolinear. 
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The location of a grid point (P in the sketch) in this coordinate 
system is given by (X,Y, Z). 

The displacement coordinate directions at P are shown by 
( u X' u Y» u z) • 

One or two coordinate systems may be defined on a single card. 


37 



Input Data Card C0RD1S 


Spherical Coordinate System Definition 


Description : Defines a spherical coordinate system by reference to three grid 

points. These points must be defined in coordinate systems whose definition 
does not involve the coordinate system being defined. The first point G1 is 
the origin, the second G2 lies on the Z-axis, and the third G3 lies in the 
plane of the azimuthal origin. 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

C0RD1S 

CID 

Gl 

G2 

G3 

CID 

Gl 

G2 

G3 


C0RD1S 

3 

16 

32 

19 







Contents 

Coordinate system identification number (Integer > 0) 
Grid-point identification numbers (Integer > 0; G1 / G2 ? G3) 

1. Coordinate system identification numbers on all C0RD1R, C0RD1C, 

and C0RD1S cards must be unique. 

2. The three points Gl, G2, and G3 must be noncolinear. 


Field 

CID 

Gl, G2,G3 
Remarks: 


38 




I 


3. The location of a grid point (P in the sketch) in this coordinate 

system is given by (R,0,$) where 0 and $ are measured in 
degrees. 

4. The displacement coordinate directions at P are dependent on the 

location of P, as shown by (u R , uq, u$) . 

5. Points on the polar axis may not have their displacement direc- 

tions defined in this coordinate system since an ambiguity 
results. 

6. One or two coordinate systems may be defined on a single card. 
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Input Data Card CSHEAR 


Shear Panel Element Connection 


Description ; Defines a shear panel element (SHEAR) of the structural model. 
Format and Example : 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CSHEAR 

EID 

PID 

G1 

G2 


G4 



jPPI 

CSHEAR 

3 

6 

1 

5 

3 

7 





Field Contents 

EID Element identification number (Integer > 0) 


PID Identification number of a PSHEAR property card; default is EID 

(Integer > 0) 

G1,G2,G3,G4 Grid-point identification numbers of connection points 
(Integer > 0; Gl/ G2 / G3 ? G4) 


Remarks: 1. Element identification numbers must be unique with respect to all 

other element identification numbers. 


2. Grid points G1 to G4 must be ordered consecutively around the 

perimeter of the element. 

3. All interior angles must be less than 180°. 
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Input Data Card CTRIA2 


Triangular Element Connection 


Descr ip t ion : Defines a triangular membrane and bending element (TRIA2) of the 

structural model. 

Format and Example ; 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CTRIA2 

EID 

PID 

G1 

G2 

G3 

TH 




CTRIA2 

16 

2 

12 

1 

3 

16.2 





Field 


Contents 


BID Element identification number {Integer > 0) 

PID Identification number of a PTRIA2 property card; default is EID 

(Integer > 0) 

G1,G2,G3 Grid-point identification numbers of connection points 

(Integer >0; G1 f G2 ? G3) 

TH Material property orientation angle in degrees (real) . The 

following sketch gives the sign convention for TH. 



Remarks ; 1. Element identification numbers must be unique with respect to all 
other element identification numbers. 

2. Interior angles must be less than 180°. 


41 



Ill 


Input Data Card CTRMEM Triangular Element Connection 

Description : Defines a triangular membrane element (TRMEM) of the structural 

model. 

Format and Example : 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


EID 

PID 

G1 

G2 

G3 

TH 




CTRMEM 

16 

2 

12 

1 

3 

16.3 





Field 

EID 

PID 

G1,G2,G3 


Contents 

Element identification number (Integer > 0) 

Identification number of a PTRMEM property card; default is EID 
(Integer > 0) 

Grid-point identification numbers of connection points 
(Integer >0; G1 + G2 / G3) 


TH 


Material property orientation angle in degrees (real) . The 
following sketch gives the sign convention for TH. 



Remarks : 1. Element identification numbers must be unique with respect to all 

other element identification numbers. 

2. Interior angles must be less than 180°. 
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Input Data Card DMI 


Direct Matrix Input 


Description ; Used to define the matrix data blocks directly. Generates a 
matrix of the form 


M - 


where the elements A^j may be real or complex single-precision or double- 
precision numbers. 

Formats and Example : (The first logical card is a header card.) 


A 11 

a 12 

• • • 

A ln 

A 21 

• 

• 

• 

a 22 

• 

• 

• 

• • • 

c 

CN ... 

< 

*ml 

• 

• • • 

A mn 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

DMI 

NAME 

"0" 

F0RM 

TIN 

T0UT 

X 

M 

N 


DMI 

QQQ 

0 

2 

3 

3 


4 

2 



DMI 

NAME 

j 

11 

A(I1,J) 

A(I1+1, J) 


etc. 

12 

+abc 

DMI 

QQQ 

i 

1 

1.0 

2.0 

3.0 

4.0 

3 

+1 

+abc 

MI2,J) 


etc. 







+1 

O 

• 

in 

6.0 



















DMI 

QQQ 

2 

2 

6.0 

7.0 

4 

o 

00* 

9.0 



This same format is used for each nonnull column. 

Field Contents 

NAME Any NASTRAN BCD value (1 to 8 alphanumeric characters, the first 

of which must be alphabetic) which will be used in the DMAP 
sequence to reference the data block 
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F0RM 


TIN 


T0UT 


M 

N 

J 


Code for type of matrix: 

1 square matrix (not symmetric) 

2 general rectangular matrix 
6 symmetric matrix 

Type of matrix being input as follows: 

1 real, single precision (one field is used per element) 

2 real, double precision (one field is used per element) 

3 complex, single precision (two fields are used per element) 

4 complex, double precision (two fields are used per element) 

Type of matrix which will be created: 

1 real, single precision 

2 real, double precision 

3 complex, single precision 

4 complex, double precision 

Number of rows in A (Integer > 0) 

Number of columns in A (Integer > 0) 

Column number of A (Integer > 0) 


II, 12, etc. Row number of A (Integer > 0) 


A (lx, J) 


Element of A (real) , (see TIN) 


Remarks : 1. The user must write a DMAP (or make alterations to a rigid format) 

to use the rail feature since a data block is being defined. All 
rules governing the use of data blocks in DMAP sequences apply. 
In the example previously shown, the data block QQQ is defined 
as a complex, single-precision, rectangular 4x2 matrix. 



(l.o, 

2.0) 

(0.0, 

0.0) 

(3.0, 

4.0) 

(6.0, 

7.0) 

(5.0, 

6.0) 

(0.0, 

0.0) 

(0.0, 

0.0) 

(8.0, 

9.0) 


The DMAP data block NAME (QQQ in the example) appears in the 
initial FIAT and the data block initially appears on the data 
pool file (P00L) . 
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2. A limit to the number of DMI's which may be defined is set by the 

size of the data pool dictionary. The total number of DMI's may 
not. exceed this size. 

3. There are a number of reserved words which may not be used for DMI 

names. Among these are P00L, NPTP, 0PTP, UMF, NUMF f PLTl, 

PLT2, INPT, GE0M1, GE0M2, GE0M3, GE0M4 , GE0M5, EDT, MPT, 

DPT, DIT, DYNAMICS, IFPFILE, AXIC, F0RCE, MATP00L, PCDB, 

XYCDB, CASECC, any DTI names, and SCRATCHl to SCRATCH9 . 

4. Field 3 of the header card must contain an integer 0. 

5. For symmetric matrices, the entire matrix must be input. 

6. Only nonzero terms need be entered. 

7. A blank field on this card is not equivalent to a zero. If zero 

input is desired, the appropriate type zero must be punched 
(i.e. , 0. 0 or 0. 0D0) . 

8. Complex input must have both the real and imaginary parts punched 

if either part is nonzero. 

9. A new column requires that a new card be started. 



Input Data Card EIGB Buckling Analysis Data 

Description : Defines the data needed to perform buckling analysis. 

Format and Example: 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

EIGB 

SID 

METH0D 

LI 

L2 

NEP 

NDP 

NDN 

E 

+abc 

EIGB 

13 

INV 

0.1 

2.5 

2 

1 

1 

0.0 

ABC 


+abc 

N0RM 

G 

C 







+BC 

MAX 










Field 

SID 

METH0D 

L1,L2 

NEP 

NDP,NDN 

E 

N0RM 


G 

C 


Contents 

Set identification number (Unique integer > 0) 

Method of eigenvalue extraction, INV 

INV - Inverse power method; symmetric matrix operations 

Eigenvalue range of interest (real; LI < L2 > 0.0) 

Estimate of number of roots in positive range (Integer > 0) 

Desired number of positive and negative roots; Default = 3 NEP 
(Integer > 0) 

Convergence criteria, optional (Real £ 0.0) 

Method for normalizing eigenvectors; one of the BCD values MAX 
or P0INT 

MAX - Normalize to unit value of the largest component in the 
analysis set 

P0INT - Normalize to unit value of the component defined in 
.fields 3 and 4; defaults to MAX if defined component is zero 

Grid- or scalar-point identification number; required if and 
only if N0RM = P0INT (Integer > 0) 

Component number; required if and only if N0RM = P0INT and 
G is a geometric grid point (one of the integers 1 to 6) 


46 




Remar ks : 


1. Buckling analysis root extraction data sets must be selected in 

the case control deck (METH0D = SID) to be used by NASTRAN. 

2. The quantities Ll and L2 are dimensionless and specify a range in 

which the eigenvalues are to be found. An eigenvalue is a 
factor by which the prebuckling state of stress (first subcase) 
is multiplied to produce buckling. 

3. The continuation card is required. 

4. If N0RM = MAX, components that are not in the analysis set may 

have values larger than unity. 

5. If N0RM = P0INT, the selected component must be in the 

analysis set. 
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Input Data Card EIGR 


Real Eigenvalue Extraction Data 


Description : Defines the data needed to perform real eigenvalue analysis. 

Format and Example: 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

EIGR 

SID 

METH0D 

FI 

F2 

NE 

ND 

NZ 

E 

+abc 

EIGR 

13 

INV 

1.9 

15.6 

10 

12 

0 

1.-3 

ABC 


+abc 

N0RM 

G 

C 







+BC 

P0INT 

32 

4 








Field Contents 

SID Set identification number (Unique integer > 0) 

METH0D Method of eigenvalue extraction, INV 

INV - Inverse power method; symmetric matrix operations 

F1,F2 Frequency range of interest; required for , METH0D = INV 

(Real 5 0.0; FI < F2) . The frequency range is ignored if 
ND > 0, in which case the eigenvectors for the first ND 
positive roots are found (real; FI < F2) 

NE Estimate of number of roots in range; required for METH0D = INV 

(Integer > 0) 

ND Desired number of roots for METH0D = INV; default is 3 NE 

(Integer > 0) 

NZ Number of free-body modes (not used for METH0D INV) 

E Mass orthogonality test parameter; default is 0.0, which means 

no test will be made (Real - 0.0) 
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N0RM 


G 


C 

Remarks: 


Method for normalizing test parameter; default is 0.0, which 
means no test will be made (Real - 0.0) 

MASS - Normalize to unit value of the generalized mass 

MAX - Normalize to unit value of the largest component in the 
analysis set 

P0INT - Normalize to unit value of the component defined in 
fields 3 and 4; defaults to MAX if defined component is zero 

Grid- or scalar-point identification number; required if and 
only if N0RM = P0INT (Integer % 0) 

Component number; required if and only if N0RM = P0INT and 
G is a geometric grid point (one of the integers 1 to 6) 

1. Real eigenvalue extraction data sets must be selected in the case 

control deck (METH0D = SID) to be used by NASTRAN. 

2. The units of FI and F2 are cycles per unit time. 

3. The continuation card is required. 

4. A nonzero value of E in field 9 also modifies the convergence 

criteria. 

5. If N0RM = MAX, components that are not in the analysis set may 

have values larger than unity. 

6. If N0RM = P0INT, the selected component must be in the analysis 

set. 
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mi II II II 


INI I I ll 


Input Data Card F0RCE Static Load 

Description : Defines a static load at a grid point by specifying a vector. 

Format and Example: 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

F0RCE 

SID 

G 

CID 

F 

Nl 

N2 

N3 



F0RCE 

2 

5 

6 

2.9 

0.0 

1.0 

0.0 




Field 

SID 

G 

CID 

F 

N1,N2,N3 


Remarks: 


Contents 

Load set identification number (Integer > 0) 

Grid-point identification number (Integer > 0) 

Coordinate system identification number (Integer ^ 0) 

Scale factor (real) 

Components of vector measured in coordinate system defined by 
CID (real; Nl 2 + N2 2 + N3 2 > 0.0) 

1. The static load applied to grid point G is given by 


f = F 


N 


where N is the vector defined in fields 6, 7, and 8. 

2. Load sets must be selected in the case control deck (L0AD = SID) 

to be used by NASTRAN. 

3. A CID of zero references the basic coordinate system. 
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Input Data Card GRID 


Grid Point 


Description ; Defines the location of a geometric grid point of the structural 
model, the directions of its displacement, and its permanent single-point 
constraints. 

Format and Example; 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

GRID 

ID 

CP 

XI 

X2 

X3 

CD 

PS 

X 


GRID 

2 

• 3 

1.0 

2.0 

3.0 

4 

316 




Contents 

Grid-point identification number (0 < Integer < 999999) 

Identification number of coordinate system in which the location 
of the grid points is defined (Integer S 0) 

Location of the grid point in coordinate system CP (real) 

Identification number of coordinate system in which displace- 
ments, degrees of freedom, constraints, and solution vectors 
are defined at the grid point (Integer « 0) 

Permanent single-point constraints associated with grid point; 
any of the digits 1 to 6 with no embedded blanks (Integer = 0) 

All grid-point identification numbers must be unique with respect 
to all other structural points. 

The meaning of XI, X2, and X3 depends on the type of coordinate 
system CP as follows; (see the coordinate system bulk data 
cards) 


Type 

XI 

X2 

X3 

Rectangular 

X 

Y 

Z 

Cylindrical 

R 

G, deg 

z 

Spherical 

R 

0, deg 

$, deg 


3. The collection of all CD coordinate systems defined on all GRID 
cards is called the global coordinate system. All degrees of 
freedom, constraints, and solution vectors are expressed in the 
global coordinate system. 


Field 

ID 

CP 

X1,X2,X3 

CD 

PS 


Remar ks ; 1 . 
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Input Data Card L0AD 


Static Load Combination (Superposition) 


Description : Defines a static load as a linear combination of load sets that 

are defined by using F0RCE and M0MENT cards. 

Format and Example : 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

L0AD 

SID 

S 

SI 

LI 

S2 

L2 

S3 

L3 

abc 

L0AD 

101 

-0.5 

1.0 

3 

6.2 

4 














+bc 

S4 

L4 


-etc.- 

















(etc. ) 


Field 

SID 

S 

Si 

Li 

Remarks: 


Contents 

Load set identification number (Integer > 0) 

Scale factor (real) 

Scale factors (real) 

Load set identification numbers defined by means of card types 
previously enumerated (Integer > 0) 

1. The load vector defined is given by 


(P> = S 


I 


Si {P L i> 


2. The Li must be unique. The remainder of the physical card con- 
taining the last entry must be blank. 


3. Load sets must be selected in the case control deck (L0AD = SID) 

to be used by NASTRAN. 

4. A L0AD card may not reference a set identification number 

defined by another L0AD card. 
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Input Data Card MAT1 


Material Property Definition 


Descr iption : Defines the material properties for linear, temperature- 

independent, isotropic materials. 

Format and Example : 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MAT1 

MID 

E 

G 

NU 

RH0 

X 

X^C 

X 

+abc 

MAT1 

17 

3. +7 

1.9+7 


4.28 




ABC 


+abc 

ST 

SC 

SS 







+BC 

20. +4 

15. +4 

12. +4 








Field 


MID 

E 

G 

NU 

RH0 


Contents 

Material identification number (Integer > 0) 
Young's modulus (Real 2 0.0, or blank) 

Shear modulus (Real = 0.0, or blank) 

Poisson's ratio (-1.0 < Real ^ 0.5, or blank) 
Mass density (real) 


ST, SC,SS Stress limits for tension, compression, and shear, respectively 

(real) 

Remarks : 1. Either E or G must be positive (i.e., either E > 0.0 or 

G > 0.0 or both E and G may be >0.0). 

2. if either E, G, or NU is blank, it will be computed to satisfy 
the identity E = 2(1+NU)G; otherwise, values supplied by the 
user will be used. 


3. The material identification number must be unique for all MAT1 
cards. 


4. If E and NU or G and NU are both blank, they will both be given 
the value 0.0. 
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Input Data Card M0MBNT 


Static Moment 


Description ; Defines a static moment at a grid point by specifying a vector. 
Format and Example: 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

MOMENT 

SID 

G 

CID 

M 

Nl 

N2 

N3 



M0MENT 

2 

5 

6 

2.9 

| 

1.0 

■31 




Field 

SID 

G 

CID 

M 

N1,N2,N3 

Remarks: 


Contents 

Load set identification number (Integer > 0) 

Grid-point identification number (Integer > 0) 

Coordinate system identification number (Integer si 0) 

Scale factor (real) 

Components of vector measured in coordinate system defined by 
CID (real; Nl 2 + N2 2 + N3 2 > 0.0) 

1. The static moment applied to grid point G is given by 

S = M • (N1,N2,N3) 


2. Load sets must be selected in the case control deck (L0AD = SID) 

to be used by NAS TRAN. 

3. A CID of zero references the basic coordinate system. 
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Input Data Card 0MIT 


Omitted Coordinates 


Description ; Defines coordinates (degrees of freedom) that the user desires 
to omit from the problem through matrix partitioning. Used to reduce the 
number of independent degrees of freedom. 

Format and Example : 


1 

r 2 

3 


s' 


7 

rr' 


10 

0MIT 

ID 

C 

ID 

c 

ID 

C 

ID 

C 


0MIT 

16 

2 

23 

3516 



1 

4 



Field Contents 

ID Grid-point identification number (Integer > 0) 


C Component number; any unique combination of the digits 1 to 6 

for grid points 

Remar ks ; 1. Coordinates specified on 0MIT cards may not be specified on 

SUP0RT or SPC cards nor as permanent single-point constraints 
on GRID card. 

2. As many as 24 coordinates may be omitted by a single card. 


55 




Input Data Card PARAM Parameter 

Description i Specified values for parameters used in DMAP sequences, 
including rigid formats. 


Format and Exar 



Field Contents 

N O0UPMASS 


VI A positive integer value of this parameter causes the generation 

of coupled mass matrices rather than lumped mass matrices for 
all bar elements that include bending stiffness. This option 
applies to both structural and nonstructural mass for BAR and 
TRIA2. A negative value causes the generation of lumped mass 
matrices (translational components only) for both BAR and 
TRIA2. (This is the default.) 
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Input Data Card PBAR 


Simple Beam Property 


Description : Defines the properties of a simple beam (bar) which is used to 

create bar elements by means of the CBAR card. 

Format and Example : 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PBAR 

PID 

MID 

A 

11 

12 

J 

NSM 

X 

abc 

PBAR 

39 

6 

2.9 


5.97 




123 


+bc 

Cl 

C2 

D1 

D2 

El 

E2 

FI 

F2 

def 

+23 



2.0 

4.0 







+ef 

Kl 

K2 

112 


















Field 

PID 

MID 

A 

II, 12, 112 
J 

NSM 

K1,K2 

Ci,Di,Ei,Fi 
Remarks: 1. 


Contents 

Property identification number (Integer > 0) 

Material identification number (Integer > 0) 

Area of bar cross section (real) 

Area moments of inertia (real, 11*2 “ I 12 ) 

Torsional constant (real) 

Nonstructural mass per unit length (real) 

Area factor for shear (real) 

Stress recovery coefficients (real) 

For structural problems, PBAR cards may only reference MAT1 
material cards. 
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Input Data Card PSHEAR 


Shear Panel Property 


Description : Defines the elastic properties of a shear panel. Referenced by 

the CSHEAR card. 

Format and Example : 

f ^ "'v f ^ ^ 

123456789 10 


PSHEAR 

PID 

MID 

T 

NSM 

PID 

MID 

T 

NSM 


PSHEAR 

13 

2 

4.9 

16.2 

14 

6 

4.9 

14.7 



Field 

PID 

MID 

T 

NSM 

Remar ks : 


Contents 

Property identification number (Integer > 0) 

Material identification number (integer > 0) 

Thickness of shear panel (Real ^ 0.0) 

Nonstructural mass per unit area (real) 

1. All PSHEAR cards must have unique identification numbers. 

2. PSHEAR cards may only reference MATl material cards. 

3. One or two shear panel properties may be defined on a single card. 
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Input Data Card PTRIA2 


Homogeneous Triangular Element Property 


Description : Defines the properties of a homogeneous triangular element of 

the structural model including membrane/ bending r and transverse shear 
effects. Referenced by the CTRIA2 card. 

Format and Example : 


1 

2 

3 

4 



5 

6 

7 

8 

'N 

9 

10 

PTRIA2 

PID 

MID 

T 

NSM 

PID 

MID 

T 

NSM 


PTRIA2 

2 

16 

3.92 

14.7 

6 

16 

2.96 




Field 

PID 

MID 

T 

NSM 

Remarks: 


Contents 

Property identification number (Integer > 0) 

Material identification number (Integer > 0) 

Thickness (Real > 0.0) 

Nonstructural mass per unit area (real) 

1. All PTRIA2 cards must have unique identification numbers. 

2. The thickness used to compute the membrane and transverse shear 

properties is T. 

3. The area moment of inertia per unit width that is used to compute 

the bending stiffness is T^/12. 

4. Outer fiber distances of ±T/2 are assumed. 

5. One or two homogeneous triangular element properties may be 

defined on a single card. 
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Input Data Card PTRMEM Triangular Membrane Property 

Description: Used to define the properties of a triangular membrane element. 

Referenced by the CTRMEM card. No bending properties are included. 

Format and Example: 


r \ r~~ "\ 

123456789 10 


PTRMEM 

PID 

MID 

T 

NSM 

PID 

MID 

T 

NSM 


PTRMEM 

17 

23 

4.25 

0.2 







Field 

PID 

MID 

T 

NSM 

Remarks: 


Contents 

Property identification number (Integer > 0) 

Material identification number (Integer > 0) 

Membrane thickness (Real > 0.0) 

Nonstructural mass per unit area (real) 

1. All PTRMEM cards must have unique property identification numbers. 

2. One or two triangular membrane properties may be defined on a 

single card. 
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Input Data Card SPC 


Single-Point Constraint 


Description : Defines sets of single-point constraints and enforced 

displacements . 


Format and Example : 


1 

2 

r 

3 

4 

'N 

5 

r 

6 

7 

> 

8 

9 

10 

SPC 

SID 

G 

C 

D 

G 

C 

D 

X 


SPC 

2 

32 

436 

-2.6 

5 


+2.9 




Field Contents 

SID Identification number of single-point constraint set 

(Integer > 0) 

G Grid-point identification number (Integer > 0) 

C Component number; up to six unique such digits may be placed in 

the field with no embedded blanks (6 ^ Integer = 0) 

D Value of enforced displacement for all coordinates designated 

by G and C (real) 

Remarks : 1. A coordinate referenced on this card may not be referenced on an 

0MIT or SUP0RT card. D must be 0.0 for dynamics problem. 

2. Single-point forces of constraint are recovered during stress data 

recovery. 

3. Single-point constraint sets must be selected in the case control 

deck (SPC = SID) to be used by NASTRAN. 

4. One to twelve single-point constraints may be defined on a single 

card. 

5. SPC degrees of freedom may be redundantly specified as permanent 

constraints on the GRID card. 


61 


2 



Input Data Card SPCADD 


Single-Point Constraint 


Description t Defines a single-point constraint set as a union of single-point 
constraint sets that are defined by means of SPC cards. 

Format and Example : 


10 


SPCADD 

SID 

SI 

S2 

S3 

S4 

S5 

S6 

S7 

abc 

SPCADD 

101 

3 

2 

9 

1 






+bc 

S8 

S9 

mm 

■■■■ 

231 

















-etc.- 


Field 


Contents 


SID 


Si 


Identification number for new single-point constraint set 
(Integer > 0) 

Identification numbers of single-point constraint sets defined 
by means of SPC cards (Integer > 0; SID ? Si) 


Remar ks : 


1. Single-point constraint sets must be selected in the case control 
deck (SPC = SID) to be used by NASTRAN. 


2. No Si may be the identification number of a single-point constraint 

set defined by another SPCADD card. 

3. The Si values must be unique. 
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Input Data Card SUP0RT Fictitious Support 

Descr iption ; Defines coordinates at which the user desires determinate 
reactions to be applied to a free body during analysis. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

SUP0RT 

ID 

C 

ID 

C 

ID 

C 

ID 

C 


SUP0RT 

16 

215 









Contents 

Grid-point identification number (Integer > 0) 

Component number; any unique combination of the digits 1 to 6 
for grid points 

1. Coordinates defined on this card may not appear on single-point 

cards (SPC) or omit cards (0MIT) . 

2. One to twenty-four support coordinates may be defined on a single 

card. 


Field 

ID 

C 

Remarks: 
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Input Data Card £ Comment 

Description : For the user's convenience in inserting commentary material into 

the unsorted echo of the input bulk data deck. The $ card is otherwise 
ignored by the program. These cards will not appear in a sorted echo. 

Format and Example : 


123456789 10 


s 

1 1 1 

followed by any legitimate char 

| | | 

— 

acters i 

— 
n card c 

olumns 2 

— 

to 80 

mi 

$ 

THIS IS A REMARK (*,'$$)--/ 
1 1 1 





H 


i. 
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2.3 Case Control Deck 


The case control cards that are used for selecting items from the bulk 
data deck, output selecting, and subcase definition are listed below. The 
first four characters of the mnemonic are sufficient. 


DISPLACEMENT 

ECH0 

ELF0RCE 

LABEL 

LINE 

L0AD 

MAXLINES 

METH0D 

0L0AD 

0UTPUT 

PL0TID 

SD I SP LACEMENT 

SET 

SPC 

SPCF0RCES 

STRESS 


requests the displacements for a selected set of grid points 

selects echo options for the bulk data deck; default is a 
sorted bulk data echo 

requests the forces in a set of structural elements 

defines a text to be printed on the third line of each page of 
output 

sets the number of data lines per printed page; default is 50 
selects static loading condition 

sets the maximum number of output lines; default is 20,000 
selects the conditions for eigenvalue analysis 
selects a set of applied loads for output 
delimits the various output packets 
plotter identification 

requests the displacements of the independent components for 
a selected set of points or modal coordinates 

defines lists of point numbers, element numbers, or frequencies 
for use in output requests 

selects a set of single-point constraints 

requests the single-point forces of a constraint at a set 
of points 

requests the stresses in a set of structural elements 


SUBCASE 

SUBTITLE 

TITLE 

S 


defines the beginning of a subcase that is terminated by the 
next subcase delimiters encountered 

defines a text to be printed on the second line of each page 
of output 

defines a text to be printed on the first line of each page 
of output 

comment card 


66 



Case Control Data Card DISPLACEMENT 


Displacement Output Request 


Descr iptlon : Requests the form and type of displacement vector output. 

Format and Example (s) ; 

|jss-ss]-{XJ 

DISPLACEMENT - 5 
DISPLACEMENT (REAL) = ALL 
DISPLACEMENT (S0RT2, PUNCH) = ALL 

Option Meaning 

S0RT1 Output will be presented as a tabular listing of grid points 

for each load, frequency, or eigenvalue. 

S0RT2 Output will be presented as a tabular listing of load or 

frequency for each grid point. S0RT2 is available only in 
static analysis. 

PRINT The printer will be the output media. 

PUNCH The card punch will be the output media. 

ALL Displacements for all points will be output. 

N0NE Displacements for no points will be output. 

n Set identification of previously appearing SET card. Only the 

displacements of points whose identification numbers appear 
on this SET card will be output (Integer > 0). 

Remar ks : 1. Both PRINT and PUNCH may be used. 

2. In static analysis problems, any request for S0RT2 causes all 

output to be S0RT2. 

3. DISPLACEMENT = N0NE allows overriding of an overall output 

request. 
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Case Control Data Card ECH0 Bulk Data Echo Request 
Description ; Requests the echo of bulk data deck. 
Format and Example (s) : 


ECH0 = 


S0RT 

UNS0RT 

B0TH 

N0NE 

PUNCH 


ECH0 = B0TH 
ECH0 = PUNCH, S0RT 

Option Mean ing 


S0RT 

UNS0RT 

B0TH 

N0NE 

PUNCH 


Sorted echo will be printed. 

Unsorted echo will be printed. 

Both sorted and unsorted echo will be printed. 

No echo will be printed. 

The sorted bulk data deck will be punched onto cards. 


REMARKS : 1. If no ECH0 card appears, a sorted echo will be printed. 

2. Unrecognizable options will be treated as S0RT. 

3. Any option overrides the default. Thus, for example, if both 

print and punch are desired, both S0RT and PUNCH must be 
requested on the same card. 
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Case Control Data Card ELF0RCE 


Element Force Output Request 


Description : Requests the form and type of element force output. 

Format and Example (s); ' 


ELF0RCE 


/ S0RT1 PRINT \ 
\ S0RT2 ' PUNCH/ 



ELF0RCE = ALL 

ELF0RCE (PUNCH, PRINT) = 17 

ELF0RCE = 25 

Option Meaning 

S0RT1 Output will be presented as a tabular listing of elements for 

each load, frequency, or eigenvalue. 

S0RT2 Output will be presented as a tabular listing of load or 

frequency for each element type. S0RT2 is available only 
in static analysis. 


PRINT 


The printer will be the output media. 


PUNCH 


The card punch will be the output media. 


ALL Forces for all elements will be output. 

N0NE Forces for no elements will be output. 

n Set identification of a previously appearing SET card. Only 

forces of elements whose identification numbers appear on 
this SET card will be output (Integer > 0). 


Remarks : 1. Both PRINT and PUNCH may be requested. 

2. In static analysis problems, any request for S0RT2 output causes 

all output to be S0RT2 . 

3. ELF0RCE = N0NE allows overriding of an overall request. 
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Case Control Data Card LABEL 


Output Label 


Description : Defines a BCD label which will appear on the third heading line 

of each page of the NASTRAN printer output. 

Format and Example (s) : 

LABEL = {Any BCD data) 


LABEL ~ PROBLEM 

Remarks : 1. LABEL appearing at the subcase level will label output for that 

subcase only. 

2. LABEL appearing before all subcases will label any outputs which 
are not subcase dependent. 


3. If no LABEL card is supplied, the label line will be blank. 

4. LABEL information is also placed on the NASTRAN plotter output 

when applicable. 
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Case Control Data Card LINE 


Data Lines Per Page 


Description ; Defines the number of data lines per printed page. 
Format and Example (s) t 


LINE = 



IBM or CDC 


f 45> l 

LINE = <-) UNIVAC 


LINE = 35 

Option Meaning 

n Number of data lines per page (Integer > 0) 

Remarks ; 1. If no LINE card appears, the appropriate default is used. 

2. For 11- inch paper, 50 is the recommended number; for 8 
paper, 35 is the recommended number. 


HI CM 



Case Control Data Card L0AD 


External Static Load Set Selection 


Descr iption ; Selects the external static load set to be applied to the 
structural model. 



L0AD = 15 



Meaning 

Set identification of at least one external load card and hence 
must appear on at least one F0RCE, M0MENT, or L0AD card 
(Integer >0). 


Remarks : 1. The above static load cards will not be used by NASTRAN unless 

selected in case control. 


2. L0AD is only applicable in statics and buckling problems. 

3. The total load applied will be the sum of external (L0AD) and 

constrained displacement (SPC) loads. 

4. Static loads should have unique set identification numbers. 
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Case Control Data Card MAXLINES 


Maximum Number of Output Lines 


Description : Sets the maximum number of output lines to a given value. 

Format and Example (s) : * 


MAXLINES 


20000 ] 


n 


MAXLINES = 50000 

Option Meaning 


n 


Maximum number of output lines which the user wishes to allow 
(Integer > 0) 


Remarks : 1. Any time this number is exceeded, NASTRAN will terminate 

through PEXIT. 

2. This card may or may not override the system operating control 
cards. Users should check with the local operations staff. 


I 


I 
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Case Control Data Card METH0D Real Eigenvalue Extraction Method Selection 

Description : Selects the real eigenvalue parameters to be used by the READ 

module. 

Format and Example (s) : 

METH0D = n 
METH0D =33 

Option Meaning 

n Set identification number of an EIGR card (normal modes or modal 

formulation) or an EIGB card (buckling) (Integer > 0) . 

Remarks : 1. An eigenvalue extraction method must be selected when extracting 

real eigenvalues by using the functional module READ. 
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Case Control Data Card 010 AD Applied Load Output Request 

Descr iption : Requests the form and type of applied load vector output. 

Format and Example (s) : 


0L0AD 


/S0RT1 

PRINT ^ 

\S0RT2' 

PUNCH/ 



0L0AD - ALL 

0L0AD ( S0RT1 ) - 5 

Option Meaning 

S0RT1 Output will be presented as a tabular listing of grid points 

for each load, frequency, or eigenvalue. 

S0RT2 Output will be presented as a tabular listing of load or 

frequency for each grid point. S0RT2 is available only in 
static analysis. 

PRINT The printer will be the output media. 

PUNCH The card punch will be the output media. 

ALL Applied loads for all points will be output. (S0RT1 will only 

output nonzero values.) 

N0NE Applied loads for no points will be output. 

n Set identification of previously appearing SET card. Only loads 

on points whose identification numbers appear on this SET card 
will be output (Integer > 0). 

Remarks : 1. Both PRINT and PUNCH may be requested. 

2. In static analysis problems, any request for S0RT2 output causes 

all output to be S0RT2. 

3. A request for S0RT2 causes loads (zero and nonzero) to be 

output. 

4. 0L0AD = N0NE allows overriding of an overall output 

request. 
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Case Control Data Card 0UTPUT Output Packet Delimiter 

Description : Delimits the various output packets, structure plotter, and 

printer /punch . 

Format and Example (s) : 

0UTPUT [(PL0T)] 

0UTPUT 

0UTPUT (PL0T) 

Option Meaning 

No qualifier Beginning of printer output packet; this is not a required 
card. 

PL0T Beginning of structure plotter packet. This card must precede 

all structure plotter control cards. 

Remarks ; 1. The structure plotter packet must be at the end of the case 
control deck. 

2. The delimiting of a printer packet is completely optional. 
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Case Control Data Card PL0TID 


Plotter Identification 


Description : Defines the BCD identification which will appear on the first 

frame of any NASTRAN plotter output. 

Format and Example (s) : 

PL0TID = (Any BCD data} 

PL0TID = TEST PL0T 

Remarks : 1. PL0TID must appear before the 0UTPUT(PL0T) card. 

2. The presence of PL0TID causes a special header frame to be 

plotted, with the supplied identification plotted several 
times. This allows easy identification of NASTRAN plotter 
output. 

3. If no PL0TID card appears, no ID frame will be plotted. 

4. The PL0TID header frame will not be generated for the table 

plotters. 
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Case Control Data Card SD I SPLACEMENT 


Solution Set Displacement Output 
Request 

Description : Requests the form and type of solution set displacement output. 

Format and Example (s) : 


SDI SPLACEMENT 


S0RT1 

S0RT2' 


PRINT 

PUNCH 



SDI SPLACEMENT = ALL 


SDISPLACEMENT ( S0RT2 , PUNCH) = N0NE 


Option Meaning 

S0RT1 Output will be presented as a tabular listing of grid points 

for each load, frequency, or eigenvalue. 


S0RT2 Output will be presented as a tabular listing of frequency 

for each grid point (or mode number) . 


PRINT 

PUNCH 

ALL 

N0NE 


The printer will be the output media. 

The card punch will be the output media. 
Displacements for all points (modes) will be output. 
Displacements for no points (modes) will be output. 


n Set identification of previously appearing SET card. Only dis- 

placements of points whose identification numbers appear on 
this SET card will be output (Integer > 0). 


Remarks : 1. Both PRINT and PUNCH may be requested. 

2. SDISPLACEMENT = N0NE allows overriding of an overall output 
request. 
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Case Control Data Card SET 


Set Definition Card 


Descr iption ; Lists identification numbers (point or element) for output 
requests. 

Format and Example (s ) : 

(1) SET n = {i x [, i 2 f i 3 THRU i 4 EXCEPT i 5 , i 6 , i 7 , i 8 THRU ig]} 

SET 77 = 5 

SET 88 = 5, 6 , 7, 8 , 9, 10 THRU 55 EXCEPT 15, 16, 77, 78, 79, 100 THRU 300 
SET 99 = 1 THRU 100000 ' 

(2) SET n = [,r 2 , r 3 , r 4 ]} 

SET 101 = 1.0, 2.0, 3.0 


SET 105 = 1. 009, 10.2, 13.4, 14.0, 15.0 
Option Meaning 

n Set identification (Integer > 0). Any set may be redefined by 

reassigning its identification number. Sets inside SUBCASE 
delimiters are local to the SUBCASE. 


il, i 2 , etc. Element or point identification number at which output is 

requested (Integer >0). If no such identification number 
exists, the request is ignored. 


i 3 THRU i 4 Output at set identification numbers i 3 to i 4 (i 4 > i 3 ) . 

EXCEPT Set identification numbers following EXCEPT will be deleted from 

output list as long as they are in the range of the set 
defined by the immediately preceding THRU. 


r l, r 2 , etc. Frequencies for output (Real > 0.0). The nearest solution 
frequency will be output. EXCEPT and THRU cannot be used. 


Remarks : 1. A SET card may be more than one physical card. A comma at the 

end of a physical card signifies a continuation card. Commas 
may not end a set. 

2. Set identification numbers following EXCEPT that are within the 
range of the THRU must be in ascending order. 
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Case Control Data Card SPC Single-Point Constraint Set Selection 

Description : Selects the single-point constraint set to be applied to the 

structural model. 

Format and Example (s) : 

SPC ? n 

SPC = 10 

Option Mean ing 

n Set identification of a single-point constraint set and hence 

must appear on an SPC or SPCADD card (Integer > 0) . 

Remarks : 1. SPC or SPCADD cards will not be used by NASTRAN unless selected 

in case control. 
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Case Control Data Card SPCF0RCES Single-Point Forces of Constraint Output 

Request 

Descr iption ; Requests the form and type of single-point force of the constraint 
vector output. 

Format and Example (s): 


SPCF0RCES 


S0RT1 

S0RT2' 


PRINT 

PUNCH 


'ALL ^ 
11 

.N0NE ) 


SPCF0RCES = 5 

SPCF0RCES ( S0RT2 , PUNCH, PRINT) = ALL 

SPCF0RCES (PHASE) = N0NE 

Option Meaning 

S0RT1 Output will be presented as a tabular listing of grid points 

for each load, frequency, or eigenvalue. 

S0RT2 Output will be presented as a tabular listing of load or 

frequency for each grid point. 

PRINT The printer will be the output media. 

PUNCH The card punch will be the output media. 

ALL Single-point forces of constraint for all points will be output. 

( S0RT1 will only output nonzero values.) 

N0NE Single-point forces of constraint for no points will be 

output. 

n Set identification of previously appearing SET card. Only 

single-point forces of constraint for points whose 
identification numbers appear on this SET card will be 
output (Integer > 0). 

Remarks : 1. Both PRINT and PUNCH may be requested. 

2. In static analysis, any request for S0RT2 output causes all 

output to be S0RT2. 

3. A request for S0RT2 causes loads (zero and nonzero) to be output. 

4. SPCF0RCES = N0NE allows overriding of an overall output 

request. 
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Case Control Data Card STRESS 


Element Stress Output Request 


Descr iption : Requests the form and type of element stress output. 

Format and Example (s): 


STRESS 


( S0RT1 

print\“ 

\S0RT2' 

PUNCH/ 


ALL ^ 
11 

N0NEJ 


STRESS = 5 

STRESS = ALL 

STRESS (S0RT1, PRINT, PUNCH) = 15 

Option Meaning 

S0RT1 Output will be presented as a tabular listing of elements for 

each load, frequency, or eigenvalue. 

S0RT2 Output will be presented as a tabular listing of load or 

frequency for each element type. S0RT2 is available only 
in static analysis. 

PRINT The printer will be the output media. 

PUNCH The card punch will be the output media. 

I 

ALL Stresses for all elements will be output. 

N0NE Stresses for no points will be output. 

n Set identification of a previously appearing SET card 

(Integer > 0). Only stresses for elements whose identifi- 
cation numbers appear on this SET card will be output. 

Remarks : 1. Both PRINT and PUNCH may be requested. 

2. In static analysis, any request for S0RT2 output causes all 

output to be S0RT2. 

3. STRESS = N0NE allows overriding of an overall output request. 
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Case Control Data Card SUBCASE 


Subcase Delimiter 


Description : Delimits and identifies a subcase. 

Format and Example (s) : 

SUBCASE n 
SUBCASE 101 


Option 

n 


Meaning 

Subcase identification number (Integer > 0) . 


Remarks : 1. The subcase identification number n must be strictly increasing 

(i.e., greater than all previous subcase identification 
numbers) . 

2. Plot requests refer to n. 
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Case Control Data Card SUBTITLE Output Subtitle 

Description : Defines a BCD subtitle which will appear on the second heading 

line of each page of the NASTRAN printer output. 

Format and Example (s) : 

SUBTITLE = {Any BCD data} 

SUBTITLE = NASTRAN PR0BLEM N0. 5-1A 


Remar ks : 1. SUBTITLE appearing on the subcase level will title output for 

that subcase only. 

2. SUBTITLE appearing before all subcases will title any outputs 
which are not subcase dependent. 


3. If no SUBTITLE card is supplied , the subtitle line will be blank. 

4. SUBTITLE 1 information is also placed on the NASTRAN plotter output 

as applicable. 
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Case Control Data Card TITLE 


Output Title 


Description ; Defines a BCD title which will appear on the first heading line 
of each page of the NASTRAN printer output. 

Format and Example (s) ; 

TITLE = {Any BCD data) 

TITLE = **$// ABCDEFGHI .... $ 

Remar ks : > 1. TITLE appearing at the subcase level will title output for that 
subcase only. 

2. TITLE appearing before all subcases will title any outputs which 

are not subcase dependent. • 

3. If no TITLE card is supplied, the title line will contain data 

and page numbers only. 

4. TITLE information is also placed on NASTRAN plotter output as 

applicable. 
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Case Control Data Card £ Comment Card 

Description ; Defines a comment card by specifying a $ in column 1 with 
commentary text appearing in columns 2 to 80. 

Format and Example (s) ; 

$ {Any BCD data} 

$ THIS IS AN EXAMPLE 0F A C0MMENT CARD. 

Remarks: 1. Unlike other case control cards which are free field, the comment 

card must have the $ in column 1. 
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2.4 Executive Control Deck 


The executive control deck begins with the NASTRAN ID card and ends with 
the CEND card. It identifies the job and declares the general conditions under 
which the job is to be executed. The completed DMAP sequence must appear in 
the executive control deck. 

The format of the executive control cards is free field. The name of the 
operation (e.g., TIME) is separated from the operand by one or more blanks. The 
fields in the operand are separated by commas and may be up to eight integers 
(K) or alphanumeric (A^) , as indicated in the following control card descrip- 
tions. The first character of an alphanumeric field must be alphabetic, fol- 
lowed by up to seven additional alphanumeric characters. Blank characters may 
be placed adjacent to separating commas if desired. 

The following control cards can be used in the executive control deck: 

ID Al, A2 (required) 

Al, A2 - Any legal alphanumeric fields chosen by the user for problem 
identification. 

APP DMAP (required) 

DMAP sequence is to follow, must begin with BEGIN $ or XDMAP .... $ card 
and end with END $ card. 

TIME K 


K - Maximum allowable execution time in minutes. 


CEND (required) 

Indicates end of executive control cards. 


2.5 NASTRAN Card 

The NASTRAN card is used to change the default values for certain opera- 
tional parameters, such as buffer size and computer model number. The NASTRAN 
card is optional, but if present must be the first card of the NASTRAN data 
deck. The NASTRAN card is a free-field card (similar to cards in the executive 
control deck) . Its format is as follows: 

NASTRAN keyword^ = value, keyword 2 = value, . . . 

The most frequently used keywords are as follows: 

BUFFSIZE defines the number of words in a GIN0 buffer. Usually this value 
is standardized at any particular installation. However, the desired 
value may be different from the default value of 1803 (IBM) , 

1183 (Control Data) , and 871 (UNI VAC) . 
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C0NFIG defines the model number of the configuration for use in timing 
equations for matrix operations. Entries exist for the following 
configurations : 


Computer 

Configuration 

Model number 

IBM 360/370 

0 (default) 

91, 95 


3 

50 


4 

65 


5 

75 


6 

85 


7 

195 


9 

155 

Control Data 6000 

0 (default) 

6600 


6 

6400 

UNIVAC 1100 

0 (default) 

1108 


The machine type is automatically determined by NAS TRAN . If the model number 
is the default, the C0NFIG keyword is not needed on the NASTRAN card. It is 
important to indicate the proper configuration; otherwise, all time-dependent 
matrix decisions will be incorrect. 

K0N36O defines the number of 32-bit words to release for IBM 360 0S rou- 
tines and FORTRAN buffers. The default is 4096. 

M0DC0M ( i ) defines a nine-word array for module communications. Currently, 
only M0DC0M (1) is supported. When M0DC0M(1) = 999999, optimization of 
passive columns in the symmetric decomposition routine is not used. If 
M0DC0M ( 1 ) = 1, diagnostic statistics from subroutine SDC0MP are printed. 

HIC0RE defines the amount of open core available to the user on the UNIVAC 
1100 series machines. The user area default is nominally 65000 decimal 
words. The ability to increase this value may be installation limited. 

IPREC is the precision flag. Default is 1 on Control Data and 2 on IBM 
and UNIVAC. 


3. PLOTTING 

3.1 General Description of Plotting Capability 

NASTRAN provides the capability for generating on any of several different 
plotters the following kinds of plots: 

Undeformed geometric projections of the structural model 
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Static deformations of the structural model by either displaying the 
deformed shape (alone or superimposed on the undeformed shape) or 
displaying the displacement vectors at the grid points (superimposed 
on either the deformed or undeformed shape) 

Modal deformations (sometimes called mode shapes or eigenvectors) that 
result from real eigenvalue analysis by the same options stated in 
the previous statement 

Requests for structure plots are accomplished in the case control deck by 
submitting a structure plot request packet. The discussion of these packets 
constitutes most of the remainder of this section. The optional PL0TID card 
is considered part of the plot packets although it must precede any OUTPUT (PL0T) 
card. 


To create plots, a plotter and model name must be specified by the user. 
The method used to specify this information may vary according to the plot 
request made, but the actual names used do not vary. In addition, a physical 
plot tape must be set up by the user. The control cards needed to set up a 
plot tape are generally installation dependent. There is one plot tape, PLT2. 

The following table is a list of permissible plotter and model names, 
together with the corresponding plot tapes which must be set up by the user. 
The underlined items are the default models foj; each plotter. A model name is 
generally specified as two items, each having a default value. The default 
value of the second item is in some cases dependent upon the value specified 
for the first item. If no plotter is specified by the user, the requested 
plots will be created for the Stromberg-Car Ison (SC) 4020 microfilm plotter. 
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The plotter name CalComp is used for California Computer Products, Inc. 
plotters. The default model is a 765, 205. The first model item is the plotter 
model number as used in CalComp hardware descriptions. The 700 series plotters 
are those having the ZIP mode and 24 incremental directions. The 500 series 
plotters are those having only 8 incremental directions. The 600 series may 
have either 24 or. 8 incremental directions. If the user has access to only a 
663 or 665 plotter, it should be specified as a 563 or 565 if it has only 
8 incremental directions, and as a 763 or 765 if it has 24 incremental direc- 
tions. The 563 and 763 are both 30-in. drum plotters, and the 565 and 765 are 
both 12-in. drum plotters. 

The second model item indicates the type of tape transport used with the 
CalComp plotter and the increment size of the plotter. There are two possible 
increment sizes, .010 and .005 in. The last two digits of this second model 
item represent these two possible increment sizes (i.e., 10 = .010 and 
05 = .005). The first digit of the second model item represents the type of 
tape transport attached to the plotter. There are three types of tape trans- 
ports available. The primary differences among these transports are the number 
of characters needed to cause one incremental movement on the plotter. Some 
transports (e.g., the 470, 570, and 750 models) require three characters. 

These transports can only be attached to the 500 series plotters. Other trans- 
ports (e.g., the 760 and 770) require two characters for each incremental move- 
ment. Still other transports (e.g., the 780) require only one character for 
each incremental movement. The first digit of the second model item is the 
number of characters required by the tape transport for each incremental move- 
ment. An example of a legitimate CalComp model name is (763,105). This repre- 
sents a 763 having a 30-in. drum plotter with an increment size of .005 in. and 
driven by a tape transport requiring only one character for each incremental 
movement (e.g., a 780 tape transport). 

The plotter name NASTPLT is used for the NASTRAN general purpose plotter 
package. This plotter package is used if the desired plotter is not available 
in the NASTRAN plotting software. However, if this package is specified, a 
separate program must be written to interpret the resulting plot tape and to 
create the corresponding plots on the actual plotter desired. The default model 
is M, 0. The first model item may either be M, T, or D, which indicates whether 
the actual plotter is a microfilm plotter, table plotter, or drum plotter, 
respectively. The second model item indicates whether or not the actual plotter 
has any typing capability (i.e., 0 means typing possible, 1 means no typing 
possible) . If no typing capability exists, all printed characters will be 
drawn. The default plotter type is a microfilm plotter with typing capability. 
An example of an acceptable model is (T, 1) . This represents a table plotter 
having no typing capability. See section 3.3 for more detailed information. 

The plotter name SC is used for Stromberg-Car Ison Corporation plotters. 

The only permissible model is the 4020 microfilm plotter. If the only avail- 
able plotter model is a 4060, the user should determine if it has a 4020 com- 
patibility package, as is usually the case, so as to avoid using the NASTRAN 
general purpose plotter. 
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3.2 Structure Plotting 

In order to assist NASTRAN users in both the preparation of the analytical 
model and the interpretation of output, the structure plotter provides the fol- 
lowing capabilities for undeformed structures: 

Placing a symbol at the grid-point locations (optional) 

Identifying the grid points by placing the grid-point identification num- 
ber to the right of the grid-point locations (optional) 

Identifying elements by placing the element identification number and 
element symbol at the center of each element (optional) 

Connecting the grid points in a predetermined manner by using the 
structural elements 

The following capabilities are provided for deformed structures: 

Placing a symbol at the deflected grid-point location (optional) 

Identifying the deflected grid points by placing the grid-point identifi- 
cation number to the right of the deflected grid-point locations 
(optional) 

Connecting the deflected grid points in a predetermined manner by using 
the structural elements 

Drawing lines that originate at the undeflected or deflected grid- 
point location to user-specified scale in order to represent the 
X,Y, Z components or resultant summations of the grid-point 
deflections 

The preceding plots are available in either orthographic, perspective, or 
stereoscopic, projections on several plotters. Stereoscopic plots are normally 
made only on microfilm plotters since a stereoscopic viewer or projector must 
be used to obtain the stereoscopic effect. A request for structure plotting is 
made in the case control deck by means of a plot request packet, which includes 
all cards from an OUTPUT (PL0T) card to a BEGIN BULK card. It should be noted 
that only elements can be plotted. Grid points that are not associated with 
elements cannot be plotted. 

The data card format is free field and subject to rules in the following 
paragraphs. The cards are basically sequence dependent even though some inter- 
changing in sequence of defining parameters is permissible. The elements and 
grid points to be plotted may be defined anywhere in the submittal, but the 
parameters describing the characteristics of the plot are evaluated on the 
current basis every time a PL0T or FIND card is encountered. To minimize mis- 
takes, it is suggested that a strict sequence dependency be assumed. 
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3.2.1 Rules for Free-Field Card Specification 


1. Only columns 1 to 72 are available. Any information specified in 
columns 73 to 80 is ignored. 

2. If the last character on a card is a comma (not necessarily in 
column 72) , the next card is a continuation of this physical card. Any 
number of continuation cards may be specified, and together they form a 
logical card. 

3. The mnemonics or values can be placed anywhere on the card but 
must be separated by delimiters. The following delimiters are used: 

a. Blank 

b . Comma 

c. Left parenthesis 

d. Right parenthesis 

e. Equal sign 

All these delimiters can be used as needed to aid the legibility of the 
data. 


3.2.2 Plot Request Packet Card Format 

In the plot request packet card descriptions, the following notations will 
be used to describe the card format: 

Upper-case letters must be punched exactly as shown. 

Lower-case letters indicate that a substitution must be made. 

Braces { } indicate that a choice of the contents is mandatory. 

Brackets [ 1 contain an option that may be omitted or included by the 
user. 

Underlined options or values are those for which a default option or an 
initialized (or computed) value was programmed. 

A physical card consists of information punched in columns 1 to 72 of a 
card. 

A logical card may consist of more than one physical card through the use 
of continuation cards. 
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Numerical values may always be either integer or real numbers even though 
a specific type is at times suggested in order to conform to the input 
in other sections of the program. 


3.2.3 Plot Titles 

Up to four lines of title information will be printed in the lower left- 
hand corner of each plot. The text for the top three lines is taken from the 
TITLE, SUBTITLE, and LABEL cards in the case control deck. (See section 2.2 
for a description of the TITLE, SUBTITLE, and LABEL cards.) The text for the 
bottom line may be of two forms, depending on the type plot requested. One 
form contains the word UNDEF0RMED SHAPE. The other form contains the type of 
plot (statics, modal, etc.), the subcase number, the load set or mode number, 
and the frequency or eigenvalue or time. 

The sequence number for each plot is printed in the upper corners of each 
frame. The sequence number is determined by the relative position of each PL0T 
execution card in the plot package. The date and, for deformed plots, the 
maximum deformation are also printed at the top of each frame. 


3.2.4 Plot Request Packet Card Descriptions 

The general form for each card of the plot request packet is shown enclosed 
in a rectangular box. A description of the card contents then follows for each 
card. 


3.2.5 SET Definition Cards 

These cards specify sets of elements that correspond to portions of the 
structure; they may be referenced by PL0T and FIND cards. The SET card is 
required. 

Each set of elements defines by implication a set of grid points connected 
by those elements. The set may be modified by deleting some of its grid points. 
The elements are used for creating the plot itself and labeling the element; 
the grid points are used for labeling, symbol printing, and drawing deformation 
vectors. 


93 


SET i [INCLUDE] ^ELEMENTS] jj_, J2' 33 THRU j 5 , etc. 


INCLUDE 

EXCLUDE 

EXCEPT 


ELEMENTS 
GRID P0INTS_ 


k]_, k£f k 3 THRU k 4 , ks, etc. 


i set identification number (positive integer, unique 
for each set) 

j element identification numbers or element types 

k element identification numbers or grid-point 

identification numbers or element types 

Permissible element types are BAR, TRIA2, TRMEM, and SHEAR. 

ALL may be used to select all permissible element types. 

INCLUDE may be used at any time for element information. When used with 
grid points, INCLUDE can be used only to restore previously EXCLUDED grid 
points. It cannot be used to include grid points in the original set of grid 
points . 

EXCLUDE can be used to delete elements or element types. All grid points 
that are associated with deleted elements are also deleted. EXCLUDE can be 
used to delete information vectors from grid points enumerated after an EXCLUDE 
command . 

EXCEPT is a modifier to an INCLUDE or an EXCLUDE statement. 

THRU is used to indicate all of the integers in a sequence of identifica- 
tion numbers starting with the integer preceding THRU and ending with the 
integer following THRU. The integers in the range of the THRU statement need 
not be consecutive (e.g., the sequence 2, 4, 7, 9 may be specified as 2 THRU 9). 
THRU is not applicable if element types are specified. 

Each SET must be a logical card. Redefinition of sets previously defined 
is not permitted; however, there is no restriction on the number of sets. The 
sets of identification numbers can be assembled by use of the word ALL, or by 
individually listing the integers in any order, such as 1065, 32, 46, 47, 7020 
or by listing sequencs using THRU, EXCLUDE, and EXCEPT such as 100 THRU 1000 
EXCEPT 182 EXCLUDE 877 THRU 911. Examples of SET cards are as follows: 

SET 1 INCLUDE 1, 5, 10 THRU 15 EXCEPT 12 

(Set will consist of elements 1, 5, 10, 11, 13, 14, and 15.) 

SET 25 = BAR, TRMEM EXCEPT 21 

(Set will consist of all BAR and TRMEM elements except element 21.) 
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SET 10 BAR EXCLUDE GRID P0INTS 20, 30 THRU 60, EXCEPT 35, 36 INCLUDE 
ELEMENTS 70 THRU 80 

(This set will include all bar elements plus elements 70 to 80, and 
the associated grid-point set will contain all grid points con- 
nected by these elements. Grid points 20, 30 to 34, and 37 to 60 
will appear on all plots with their symbols and labels; however, 
no deformation vectors will appear at these grid points when VECT0R 
is commanded.) 

SET (15) = (15 THRU 100) EXCEPT (21 THRU 25) 

(This set will include all elements from 15 to 20 and from 
26 to 100.) 

SET 2 = ALL EXCEPT BAR 

(This set will include all elements except bars.) 

The equal signs, commas, and parentheses that are used in the preceding 
examples are delimiters and are not required because blanks also serve as 
delimiters. 


3.2.6 Cards Defining Parameters 

These cards specify how the structure will be plotted (i.e., type of pro- 
jection, view angles, scales, etc.). All the multiple-choice parameters are 
defaulted to a preselected choice if not specified. Each parameter requiring 
a numerical value that is not specified by the user can either be established 
internally in the program by means of the FIND card or can assume default 
values. The FIND card is used to request that the program select a SCALE, 
0RIGIN, and/or VANTAGE P0INT to allow the construction of a plot in a user- 
specified region of the paper or film. 

The parameter cards are listed here in a logical sequence; however, they 
need not be so specified. Any order may be used, but if a parameter is speci- 
fied more than once, the value or choice stated last will be used. Each param- 
eter may be either an individual card or a combination of cards on one logical 

card. 

All the parameters used in the generation of the various plots will be 
printed out as part of the output whether they are directly specified, 
defaulted, or established using the FIND card. 

Initialization of parameters to default values occurs only once. Subse- 
quently, these values remain until altered by a direct input. The only excep- 
tions are the view angles, scale factors, vantage-point parameters, and the 
origins. Whenever the plotter or the method of projection is changed, the view 
angles are reset to the default values unless they are respecified by the user. 
In addition, the scale factors, vantage-point parameters, and the origin must 
be redefined by the user. 
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PL0TTER plotter name, M0DEL name 


1 

r socn 


DENSITY < 

1 556 
L 200 J 

> BPI 


The plotter names and M0DEL names have been listed previously. The tape 
density information is used only in printout and does not control the density 
of the generated plot tape. To specify the tape density, use the customary 
means of communication established at a given installation between the user and 
the computer operators. This card is required for plotters other than the 
SC 4020. 


0RTH0GRAPHIC I 
PERSPECTIVE > 
STERE0SC0PIC J 


PR0JECTI0N 


The default option is orthographic projection. This card is optional. 



r, s, t X or MX, Y or MY, Z or MZ (where M implies the negative 
axis) 

Y, 8 , cl three angles of rotation in degrees (real numbers) 

These two parameter cards define the orientation of the object in relation 
to the observer (i.e., the angles of view). Both of these cards are optional. 
Defining the observer's coordinate system as R, S, T and the basic coordinates 
system of the object as X, Y, Z, the angular relationship between the two sys- 
tems is defined by the three angles y, 8, and a as follows: 
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T 




The projection plane is always in, 
or parallel to, the S-T plane) 

Using the above convention, y and 3 represent the angles of turn and 
tilt. The default values are: 


y = 34.27° 

23.17° for orthographic and stereoscopic projections 
0.0° for perspective projection 
a = 0.0° 


The order in which y, 3, and a are specified is critically important, as 
illustrated in figure 8. 

The AXES card can be used to preposition the object in 90° increments in 

such a manner that only rotations less than 90° are required by the VIEW card 

to obtain the desired orientation. This is accomplished by entering X, Y, 

Z, MX, MY, or MZ in the fields corresponding to R, S, or T axes where 
MX, MY, and MZ represent the negative X-, Y-, and Z-axis directions, respec- 
tively. The default values are X, Y, and Z. 

An undeformed or deformed plot of the symmetric portion of an object can 

be obtained by reversing the sign of the axis that is normal to the plane of 

symmetry. In the case of multiple planes of symmetry, the signs of all 
associated planes should be reversed. The ANTISYMMETRIC option should be 
specified when a symmetric structure is loaded in an unsymmetric manner. This 
option will cause the deformations to be plotted antisymmetrically with respect 
to the specified plane or planes. Since the AXES card applies to all parts 
(SETS) of a single frame, symmetric and antisymmetric combinations cannot be 
made with this card. 
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MAXIMUM DEF0RMATI0N d 


This card must always be included if a deformed structure is to be plotted. 
The value of d represents the length to which the maximum displacement compo- 
nent is scaled in each subcase. The maximum deformation of the structure must 
be specified in units of the structure (not inches of paper) . These data are 
necessary since the actual deformations are usually too small to be distin- 
guished from the undeformed structure if they are plotted to true scale. If 
FIND card parameters are to be based on the deformed structure, the FIND card 
must be preceded by the MAXIMUM DEFORMATION card. 


SCALE a[ , b] 


a real number representing scale to which the model is drawn 

b . ratio of model size to real object size (stereoscopic projection only) 

For orthographic or perspective projections, the scale a is the ratio 
of the plotted object in inches to the real object in units of the structural 
model (i.e., one inch of paper equals one unit of structure). For stereoscopic 
projection, the stereoscopic effect is enhanced by first reducing the real 
object to a smaller model (scale b) and then applying scale a. The ratio of 
plotted to real object is then the product a x b. A scale must be defined in 
order to make a plot; however, the SCALE card is not recommended for general 
use. 


0RIGIN i, u, v 


i origin identification number (any positive integer) 

u horizontal displacement of paper origin from RST origin 

v vertical displacement of paper origin from RST origin 

In the transformation performed for any of the three projections, the 
origins of both the object (XY2 system) and of the observer (RST system) are 
assumed to be coincident. 

This card refers to the paper origin. It represents the displacement of 
the paper origin (lower left-hand corner) from the RST origin. The units are 
inches and are not subject to the scaling of the plotted object. The 0RIGIN 
card is not recommended for general use. 

Ten origins are permitted to be active at one time. However, any one can 
be redefined at any time. An eleventh origin is also provided if more than 
ten origins are erroneously defined (i.e., only the last of these surplus 
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origins will be retained). However, when a new projection or plotter is called 
for, all previously defined origins are deleted. 


VANTAGE P0INT r Q , S Q , t 0 [, s or ] 


(Perspective and stereoscopic projections only) 
r Q R coordinate of the observer 

Sq S coordinate of the observer in perspective projection or 

S coordinate of the left eye of the observer in the stereoscopic 
projection 

t Q T coordinate of the observer 

s or S coordinate of the right eye of the observer in the stereoscopic 

(not needed in perspective) projection 

This card defines the location of the observer with respect to the 
structural model. A vantage point is required for either perspective or 
stereoscopic projection. The VANTAGE P0INT card is not recommended for gen- 
eral use. 


PR0JECTI0N PLANE SEPARATI0N d Q 


(Perspective and stereoscopic projections only) 

This card specifies the R-direction separation of the observer and the projec- 
tion plane. 

The PR0JECTI0N PLANE SEPARATI0N card is not recommended for general 
use. See the FIND card described at the end of this section. The card may be 
omitted if VANTAGE P0INT is included on the FIND card. 


0CULAR SEPARATI0N 


2.7561 


os 


(Stereoscopic projection only) 

S-coordinate separation of the two vantage points in the stereoscopic pro- 
jection is defaulted to 2.756 in., which is the separation used in the standard 
stereoscopic cameras and viewers (70 mm) . It is recommended that the default 
value be used. 
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(Microfilm plotters only) 

This card offers three options of different cameras or combinations: 

FIIM - 35-ram or 16-mm film (positive or negative images) 

PAPER - positive prints 

BOTH - positive prints and 35-mm or 16-mm film 

The request for a 35-nun or 16-mm camera and positive or negative images 
must be communicated to the plotter operator through normal means of communica- 
tions at the installation. Insertion of blank frames between plots is optional 
and is applicable only to plots generated on film. The type option must be 
FILM or B0TH if blank frames are desired. The plotter must be operated in 

the manual mode in order to have blank frames inserted between positive prints. 

If blank frames are desired only on film and not on paper, the plotter must be 

operated in the automatic mode. The default values are Type = PAPER, n = 1. 

This card is completely optional. 


PAPER SIZE 




TYPE 


TbCD value'l 
\ VELLUM f 




(Table plotters only) 

a horizontal size of paper in inches 

b vertical size of paper in inches 

The default parameters are 8.5 x 11.0, type VELLUM. This card is completely 
optional. 



(Table plotters only) 
i pen designation number 

j pen size number (0 to 3) 

name color desired 
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This card generates a message on the printed output which may be used to 
inform the plotter operator as to what size and which color pen point to mount 
in the various pen holders. The actual number of pens available will depend 
on the plotter hardware configuration at each installation. This card does not 
control the pen used in generating the plot. The PEN card is optional and is 
not appropriate for microfilm plotters. 

The pen designations vary on various plotters; therefore, the designation 
numbers used here are only the pointers to true identification of the pens. 

The following table summarizes these pen designations and the actual pen num- 
bers on the plotters used; 


NASTRAN pen 
designation 

PL0TTER pen number 

EAI 3500 

All others 

1 

0 

1 

2 

1 

2 

3 

2 

3 

4 

3 

4 

5 

4 

1 

6 

5 

2 

7 

6 

3 

8 

7 

4 


FIND [SCALE], [0RIGIN i], [VANTAGE P0INT], [SET j], [REGI0N le,be,re,te] 


i origin identification number (any positive integer) 

j set identification number (any positive integer) 

le fractional distance of left edge of plot region from the lower left 

corner of the image area (Default value = 0) 

be fractional distance of bottom edge of plot region from the lower left 

corner of the image area (Default value = 0) 

re fractional distance of right edge of plot region from the lower left 

corner of the image area (Default value = 1) 

te fractional distance of top edge of plot region from the lower left 

corner of the image area (Default value = 1) 

The FIND card requests the structure plotter to compute any of the param- 
eters SCALE, 0RIGINi, and/or VANTAGE P0INT indicated by the user based on 
the plotter requested on the PL0TTER card; the projection requested on the 
PR0JECTI0N card; SETj and REGI0N le,be,re,te requested on the FIND card; 
the orientation requested on the VIEW and/or AXES card(s); the deformation 
scaling requested on the MAXIMUM DEF0RMATI0N card; and the paper size for 
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table plotters as requested on the PAPER SIZE card. All dependencies on which 
a FIND card is based must precede the FIND card. 

Any one, two, or all three parameters may be computed by the program by 
using this car#, provided that the parameters not requested have already been 
defined. If no set is specified on this card, the first set defined is used 
by default. If no options are specified on the FIND card, a SCALE and 
VANTAGE P0INT are selected and 0RIGIN 1 is located by using the first 
defined SET so that the plotted object is located within the image area. 

The plot region is defined as some fraction of the image area 
(Image area = 0, 0, 1., 1. and First quadrant = .5, .5, 1., 1.). The image 
area is located inside the margins on the paper. Each FIND card must be one 
logical card. The FIND card is recommended for general use. 

The following is a diagram of the PL0T execution card: 


PL0T 


STATIC 1 
M0DA L f 


DEF0RMATI0N V 
VEL0CITY > 
ACCELERATI0N J 


il, i2 THRU i3, etc. 


RANGE fl, f 2>i 
RANGE XI, X2 \ 
TIME tl, t2 J 


PHASE LAG 
MAGNITUDE 


[MAXIMUM DEF0RMATI0N d] , 
[SET jl] [0RIGIN kl] 


j SYMMETRY 1 
j ANTISYMMI 




( 

r} w 



J J 




PEN 1 
DENSITY f P 


[sYMB0LS m[, n]J 


LABEL 


GRID P0INTS 

ELEMENTS 

B0TH 


SHAPE 
VECT0R v 
SHAPE, VECT0R v 


(SET j2] [0RIGIN k2j etc. 


This logical card will cause one picture to be generated for each subcase, 
mode, or time step requested by using the current parameter values. If only 
the word PL0T appears on the card, a picture of the undeformed structure will 
be prepared using the first defined set and the first defined origin. The 
available plot options and their meanings are: ' 

STATIC Plot static deformations. 

M0DAL Plot mode shapes. 

DEF0RMATI0N Nonzero integers following refer to subcases that are to be 
plotted. Default is all subcases. See SHAPE and VECT0R 
for use of "0" command. 
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VEL0CITY 


Nonzero integers following refer to subcases that are to be 
plotted. Default is all subcases. 

ACCELERATI0N Nonzero integers following refer to subcases that are to be 
plotted. Default is all subcases. 

il,i2,... Nonzero integers following refer to subcases that are to be 

plotted. Default is all subcases. See SHAPE and VECT0R for 
use of "0" (underlay) command. 

RANGE Refers to range of eigenvalues or frequencies by using requested 

subcases for which plots will be prepared. 

TIME Refers to time interval by using requested subcases and output 

time steps for which plots will be prepared. 

PHASE LAG Real number $ in degrees (default is 0.0). The plotted value 

is Ur cos 4> - Uj sin 4> where u^ and Uj are the real 
and imaginary parts, respectively, of the response quantity. 

MAGNITUDE Plotted value is 

MAXIMUM Real number following is used as the maximum displacement 

DEF0MATI0N component in scaling the displacements for all subcases. 

Each subcase is separately scaled according to its own maximum 
if this item is absent. 

SET Integer following identifies a set which defines the portion of 

the structure to be plotted. Default is first set defined. 

0RIGIN Integer following identifies the origin to be used for the 

plot. Default is first origin defined. 

SYMMETRY w Prepare an undeformed or deformed plot of the symmetric portion 
of the object which is defined by SET j. This symmetric 
portion will be located in the space adjacent to the region 
originally defined in 0RIGIN k and will appear as a reflec- 
tion about the plane whose normal is oriented parallel to the 
coordinate direction w. 

ANTISYMMETRY w Prepare a deformed plot of the symmetric portion of the anti- 
symmetrically loaded object which is defined by SET j. 

This symmetric portion will be located in the space 
adjacent to the region originally defined by 0RIGIN k 
and will appear as a reflection of the antisymmetrically 
deformed structure about the plane whose normal is 
oriented parallel to the coordinate direction w. 

The symbol w may specify the basic coordinates X, Y, or Z or any 
combination of the three. This option allows the plotting of symmetric 
and/or antisymmetric combinations provided that an origin is selected for 
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the portion of the structure defined by the bulk data that allows suffi- 
cient room for the complete plot. This does not permit the combination 
of symmetric and antisymmetric subcases, as each plot must represent a 
single subcase. In the case of a double reflection, the figure will 
appear as one reflected about the plane whose normal is parallel to the 
first of the coordinates w, followed by a reflection about the plane 
whose normal is oriented parallel to the second of the coordinates w. 
This 1 capability is primarily used in the plotting of structures that are 
loaded in a symmetric or an antisymmetric manner. The plane of symmetry 
must be one of the basic coordinate planes. 

PEN Integer following controls the internal NASTRAN pen number that 

is used to generate the plot on table plotters. 

DENSITY Integer following specifies line density for film plotters. 

A line density of d is d times heavier than a line density 
of 1. 

SYMB0LS m[,n] All of the grid points associated with the specified set will 

have symbol m overprinted with symbol n printed at its 
location. If n is not specified, only symbol m will be 
printed. Grid points excluded from the set will not have 
a symbol. Grid points in an undeformed underlay will be 
identified with symbol 2. 

The following is a table of symbols available on each plotter. Symbols 
that are not available on a given plotter are defaulted to a similar 
symbol indicated in parentheses. 


Symbol 

Symbol 

Availability 

No. m or n 

EAI 3500 

SC 4020 

All others 

0 

No symbol 

X 

X 

X 

1 

X 

X 

X 

X 

2 

* 

X 

X 

X 

3 

+ 

X 

X 

X 

4 

- 

X 

X 

X 

5 


X 

X 

X 

6 

O 

X 

X 

X 

7 

□ 

X 

X 

X 

8 

0 

X 

(7) 

X 

9 

A 

(7) 

(7) 

X 


LABEL GRID P0INTS All the grid points associated with the specified set 

have their identification number printed to the right 
of the undeflected or deflected location (undeflected 
location in the case of superimposed plots). 
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LABEL ELEMENTS 


All the elements included in the specified set are identi- 
fied by the element identification number and type at 
the center of each element (undeflected location in the 
case of superimposed plots) . 

LABEL B0TH Label both the grid points and elements. 

Labels for element types are given in the following table: 

BAR - BR 
SHEAR - SH 
TRIA2 - T2 
TRMEM - TM 

SHAPE All the elements included in the specified set are shown by con- 

necting the associated grid points in a predetermined manner. 

Both deformed and undeformed shapes may be specified. All of the deformed 
shapes relating to the subcases listed may be underlaid on each of their 
plots by including "0" with the subcase string on the PL0T card. The 
undeformed plot will be drawn using PEN 1 or DENSITY 1 and SYMB0L 2 (if 
SYMB0LS is specified) . 

VECT0R v A line will be plotted at the grid points of the set to repre- 

sent the deformation of the point in length and direction. 

Vectors representing the total deformation or its principal components may 
be plotted by insertion of the proper letter (s) for variable v. Possible 
vector combinations are: 

X or Y or Z Requesting individual components 

XY or XZ or YZ Requesting 2 specified components 

XYZ Requesting all 3 components 

RXY or RXZ or RYZ Requesting vector sum of 2 components 

R Requesting total vector deformation 

N -Used with any of the above combinations to 

request no underlay shape be drawn 

All plots requesting the VECT0R option shall have an underlay generated 
of the undeformed shape using the same sets, "PEN 1" or "DENSITY 1," and 
symbol 2 (if SYMB0LS is specified). If "SHAPE" and "VECT0R" are speci- 
fied, the underlay will depend on whether "0" is used with DEF0RMATI0N. 

It will be the deformed shape when not used and will be both deformed and 
undeformed shapes when it is used. The part of the vector at the grid 
point will be the tail when the underlay is undeformed and the head when 
it is deformed. If the "N" parameter is used, no shape will be drawn but 
other options such as SYMB0LS will still be valid. 
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3.2.7 Summary of Structure Plot Request Packet Cards 
SET Definition - required 



Parameter Definition - optional, except as noted 


(Required if 
not SC- 40 20) 



(Required if not on FIND card) 


ORIGIN i, u, v (Required if not on FIND card) 


(Required for perspective and 

stereoscopic projections if not 
on FIND card) 





PROJECTION PLANE SEPARATION 


(Required for perspective and stereo- 
scopic projections if VANTAGE POINT 
not on FIND card) 



107 









MAXIMUM DEF0RMATI0N d 


(Required if deformed slopes are to be drawn) 



f FILM 

r r 

n y\ 


CAMERAS PAPER > 

, BLANK FRAMES ^ 



I.B0TH J 

L i- 

-u 



PAPER size (afsIfeX n.o) 


TYPE 


f BCD Value! 
\ VELLUM J 


FIND Card - optional 


FIND [SCALE], [0RIGIN i], [VANTAGE P0INT ] , [SET j], [REGI0N le, be, re, te ] 


PL0T Execution Card - required 


PL0T 


STATIC 

M0DAL 


DEF0RMATI0N Y 
VEL0CITY \ 
ACCELERATI0NJ 


il, i2 THRU i3, etc. 


RANGE fl, f 2 
RANGE XI, X2 
TIME tl, t2 


PHASE LAG i}) 
MAGNITUDE 


[MAXIMUM DEF0RMATI0N d] , 


[SET jl] [0RIGIN kl] 


[ SYMMETRY I 
\ ANTISYMMETRY J 



"fl 


LABEL 


GRID P0INTS~ 

ELEMENTS 

B0TH 


SHAPE 
VECT0R v 
SHAPE, VECT0R v 


(SET j2] [0RIGIN k2j etc. 
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3.3 NASTRAN General Purpose Plotter 

One feature which the NASTRAN plotting software lacks is the ability to 
directly use the plotting equipment attached on-line to a computer. This is 
not due to special purpose programming but rather to one of the basic charac- 
teristics of NASTRAN, computer independence. To access on-line plotters would 
not only make NASTRAN computer dependent, but probably installation dependent 
also. This installation dependency would result from the necessity of using 
special subroutines provided by the computer installation to access the on-line 
plotter, with no guarantee that subroutines having the same name and calling 
sequences would be available at any other computer installation. Even so, 
there would almost certainly occur a subroutine-naming conflict due to the 
great number of subroutines in NASTRAN. 

An effort is made in NASTRAN to partially overcome this deficiency. In 
general, NASTRAN will produce a plot tape which can be used directly by any one 
of several off-line plotters. In addition, NASTRAN can be directed by the user 
to produce a so-called "general purpose plotter" tape. Another program com- 
pletely external to NASTRAN would then have to exist, its function being to 
translate this plot tape for the on-line plotter so that it will produce the 
plots intended by NASTRAN. This implies that in order to produce a NASTRAN 
plot, two programs must be run: first, NASTRAN itself, and then the external 

translator program. 

The purpose of this section is to explain the characteristics and construc- 
tion of the NASTRAN general purpose plotter tape so that a programmer will be 
able to write a program to translate this plot tape for the on-line plotter. 
Understanding the overall logic used by the NASTRAN plotter software package 
in producing a plot tape will simplify the task of writing this translator pro- 
gram. It is therefore recommended that the programmer become familiar with 
this section. 

The NASTRAN general purpose plotter tape is composed of a simple set of 
elementary plot operations which can easily be deciphered by a F0RTRAN program 
on any digital computer. As each operation is deciphered, the translator pro- 
gram should direct the on-line plotter to appropriate action. This would 
normally be done by using the installation software to interface between the 
translate program and the on-line plotter. With the existence of this external 
translator program, NASTRAN would then have the capability of indirectly ref- 
erencing the corresponding on-line plotter. A by-product of this environment 
is the implied capability of indirectly accessing any plotter, whether on-line 
or off-line, after the appropriate external translator programs are written. 

The NASTRAN general purpose plotter tape is a seven-track, odd parity, 
fixed-length record tape. An end-of-file mark follows the last plot only. 

Each record is composed of 3000 six-bit-unsigned integers (750 words on an 
IBM 360, 500 words on a UNIVAC 1108, and 300 words on a Control Data 6600 com- 
puter system) and is composed of 100 plot commands, each being composed of 


109 



30 six-bit unsigned integers {15 half-words on an IBM 360, 5 words on a UNIVAC 
1108, and 3 words on a Control Data 6600 computer system) . Not all plot com- 
mands will have useful information in all 30 six-bit integers. Some commands 
use only 2 of the 30 six-bit integers while others use 22. The general format 
of each command is as follows: 


PCR4R3R2R1R0S4S3S2S1S0T4T3T2T1T0U4U3U2U1U0OOOOOOOO 

where 


p 

plot command 






c 

control 

index 






R i 

decimal 

digit 

of 

an 

integer 

called 

R 

Si 

decimal 

digit 

of 

an 

integer 

called 

S 

Tf 

decimal 

digit 

of 

an 

integer 

called 

T 

«i 

decimal 

digit 

of 

an 

integer 

called 

U 

0 

zero 








The plot command is a six-bit integer, any one of seven possible plot com- 
mands, as follows: 

0 no operation 

1 start new plot 

2 select camera 

3 skip to a new frame 

4 type a character (may also equal 14) 

5 draw a line (may also equal 15) 

6 draw an axis (may also equal 16) 

The control index is also a six-bit integer. It may be a pen number, a line 
density, a camera number, or a pointer into a list of characters and symbols. 
The four integer values (R,S,T,U) specified in a command must be reconstructed 
by the external translator program. Each integer value is represented in the 
command as follows: 


d 4 d 3 d 2 d l d 0 
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where the original integer value is given by: 


d 4 10 4 + d 3 10 3 + d 2 10 2 + djlO 1 + d 0 10° 


The significance of each of the four integer values (R,S,T,U) may vary from one 
plot command to another. 

Command 0, no operation, is simply a padding for plot records that may 
otherwise have been less than 300 characters long. All 30 characters of this 
command will be zero. 

Command 1, start new plot, will always be the first command introducing 
each new plot. The first integer, R, will be the plot number. The second and 
third integers, S and T, are the maximum x and y values specified in any 
other command for this plot. The minimum x and y values are always zero 
and are therefore not specified in this command. If necessary, the translator 
program can use these maximum x and y values to scale subsequent integer 
values so that the plot will not exceed the limits of the plotting surface. 

The plot number is included because some plotters require the plot number as 
part of the first command for each new plot. In addition, if the receiving 
plotter is a table plotter, the translator program should issue a command to 
the plotter which will stop it so that the plotter operator can change the 
paper. If the plotter is a drum plotter, the translator program must skip a 
sufficient amount of paper to insure that the previous plot will not be over- 
plotted. And if the receiving plotter is a microfilm plotter, nothing else 
need be done. 

Command 2, select camera, uses only the control index C. The remaining 
28 characters are always zeros. This command is meaningful only on a microfilm 
plotter having both film and hardcopy output. The control index is the camera 
or medium request number: 1 is film only, 2 is hardcopy (paper) only, and 3 

is both. Upon receiving this command, the translator program should issue a 
command to the receiving plotter to select the requested camera or output 
medium; then this command should be ignored. 

Command 3, skip to a new frame, also uses only the control index. The 
remaining 28 characters are always zeros. This command is meaningful only on 
a microfilm plotter. The control index is the camera or output medium request 
number: 1 is film only, 2 is hardcopy (paper) only, and 3 is both. The appro- 

priate camera will have already been selected in a previous command. The only 
reason the camera number is included in this command is because some microfilm 
plotters require the camera or output medium to be specified in both a select- 
camera and skip-frame command. Upon receiving this command, the translator pro- 
gram should issue a command to the receiving plotter to skip to a new frame. 

If the receiving plotter is not a microfilm plotter, then this command should 
be ignored. Note : At least one command 3 will appear after each command 1 and 

before the next command 1. 
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Command 4, type character; command 5, draw line; and command 6, draw axis, 
will always occur in sets (i.e., a set of command 4, a set of command 5, a set 
of command 6) . There may be more than one set of each type of command, but 
within a set, the commands will all be of an identical type. This is done 
because on some plotters it is very inefficient to frequently change modes of 
operation (e.g., typing mode, line drawing mode). The plot command of the 
first command in a set will always be equal to ten plus the basic plot command 
value (i.e., command 4 equals 14, command 5 equals 15, and command 6 equals 16). 
In all subsequent plot commands in the set, the plot command value will always 
equal the basic plot command value. 

For command 4, the control index is a pointer into a specific list of 
characters and special symbols. The list of characters to which the pointer 
applies is shown at the end of this section. The first two integer values 
(R and S) in the plot command represent the x and y coordinates of the 
point on the plotting surface at which the center of the character or symbol 
should be typed. The remaining 18 characters of the command are always zeros. 
Upon receipt of command 4, the translator program should issue a command to the 
receiving plotter to type the requested character or special symbol at the 
specified point. Of course, there is no guarantee that all the possible char- 
acters and special symbols can be typed by the receiving plotter. If any 
character or special symbol cannot be typed by the receiving plotter, the 
translator program will then have to make a substitution or not type the 
character at all. 

For command 5, the control index is either a pen number (for table and 
drum plotters) or a line density (for microfilm plotters) . If the receiving 
plotter is a microfilm plotter, it is recommended that the translator program 
simply draw the line as many times as is indicated by the line density value 
rather than use any special density settings available on the plotter hardware. 
The first two integer values (R and S) represent the x and y coordinates 
of the starting point of the line. The next two integer values (T and U) 
represent the x and y coordinates of the ending point of the line. The 
last eight characters of the command are always zeros. Upon receiving this 
command, the translator program should issue a command to the receiving plotter 
to draw the line. However, some plotters require that a line be broken into 
a series of short lines. If this is the case on the receiving plotter, the 
translator program will have to accomplish this task unless the installation 
software makes provision for this automatically. 

Command 6 is identical to command 5. The only difference is in the orien- 
tation of the drawn line. The line drawn by command 6 will always be either 
horizontal or vertical. For most plotters, the translator program will handle 
this command just like command 5. However, some plotters which would ordinarily 
require that lines be broken into a series of short lines may have a special 
command available to draw a horizontal or vertical line of any length. Only 
for these few plotters will this command have any special significance in the 
translator program. If such is the situation, the translator program, upon 
receiving -this command, should issue a command to the receiving plotter to 
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draw the axis. Otherwise, the translator program should simply issue a command 
to the receiving plotter to draw a line representing the axis. 

The sequence of characters is 


0 12 3 4 
ABODE 
K L M N O 
U V W X Y 


5 6 7 8 9 
F G H I J 
P Q R S T 
Z { ) + - 


* / 


$ 


dot circle 


blank 


Square diamond triangle (point up) 


4. DIRECT MATRIX ABSTRACTION PROGRAMMING 
4.1 General DMAP Rules 

DMAP is the user -or iented language used by NASTRAN to solve problems. DMAP, 
like English or FORTRAN, has many grammatical rules which must be followed in 
order to be interpreted by the NASTRAN DMAP compiler. Section 4.2 provides the 
user with the rules of DMAP that allow him to construct a DMAP sequence by 
using the many modules contained in the NASTRAN DMAP repertoire. 

Section 4.1 is an index of the matrix, structural, utility, and executive 
DMAP modules that are contained in sections 5.2 to 5.5, respectively. The 
appendix provides several examples of DMAP usage. 


4.2 DMAP Rules 

Grammatically, DMAP instructions consist of two types, executive operation 
instructions and functional module instructions. Grammatical rules for these 
two types of instructions are discussed separately. 

Functional modules are arbitrarily classified as structural modules, 
matrix operation modules, utility modules, or user-generated modules. 

The DMAP sequence itself consists of a series of DMAP instructions or 
statements, the first of which is BEGIN or XDMAP and the last of which is END. 
The remaining statements consist of executive operation instructions and 
functional module calls. 
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4.3 DMAP Rules for Functional Module Instructions 


The primary characteristic of the functional module DMAP instruction is 
its prescribed format. The general form of the functional module DMAP state- 
ment is: 


M0D 11,12, ,Im/01,02, , On/al,bl,pl/a2,b2,p2 /az,bz,pz $ 


where 

M0D DMAP functional module name 

Ii; i = l,m input data block names 

Oi; i = l,n output data block names 

ai,bi,pi; i = l,z parameter sections 

In the general form shown, commas separate several like items and slashes 
separate sections from one another. The module name is separated from the rest 
of the instruction by a blank or a comma. The dollar sign is used to end the 
instruction and is not required unless the instruction ends in the delimiter / . 
Blanks may be used in conjunction with any of the previous delimiters for ease 
in reading. 

A functional module communicates with other modules and with the executive 
system entirely through its inputs, outputs, and parameters. The module name 
is a BCD value that consists of an alphabetic character followed by up to seven 
additional alphanumeric characters. A data block name may be either a BCD 
value or null. The absence of a BCD value indicates that the data block is not 
needed for a particular application. 

Each functional module DMAP statement must conform to the module properties 
list (MPL) in the following ways: 

Name spelling 

Number of input data blocks 
Number of output data blocks 
Number of parameters 
Type of each parameter 

See sections 4.4 and 4.5 for allowable exception to these rules. 


114 



4.4 Functional Module Input Data Blocks 

In most cases, an input data block should have been defined in a DMAP 
program before it is used. However, there may be instances in which a module 
can handle, or may even expect, a data block to be undefined at the time the 
module is initially called. An input data block is previously defined if it 
appears as an output data block in a previous DMAP instruction, as output from 
the input file processor, or as any user-input (by means of bulk data cards) 

DMI data block name. Although the number of data blocks is prescribed, if any 
number of final data blocks are null, they may be omitted from the section. 

For example, the module MATPRN which uses five input data blocks may be defined 

by 


MATPRN GE0M1,,,, // $ 

MATPRN GE0M1 // $ 


A potentially fatal error message (see section 4.8) is issued at compilation 
time to warn the user that a discrepancy in the data block name list has been 
detected or that a previously undefined data block is used as input. There is 
also an error-level option on the XDMAP compiler option card which may be 
invoked by the user to terminate execution in the event of such errors. 


4.5 Functional Module Output Data Blocks 

In general, a data block name appears as output only once. However, there 
are cases in which an output data block may be of no subsequent use in a DMAP 
program. In such a case, the name may be used again but caution should be used 
when employing such techniques. Although the number of output data blocks is 
prescribed, the data block name list may be abbreviated in the manner of 
section 4.4. Potentially fatal error messages warn the user if possible ambi- 
guities can occur from these usages. 


4.6 Functional Module Parameters 

Parameters may serve many purposes in a DMAP program. They may pass data 
values in and/or out of a module or they may be used as flags to control the 
computational flow within the module or the DMAP program. There are two allow- 
able forms of the parameter section of the DMAP instruction. The first 
explicitly states the attributes of the parameters, and the second is a briefer 
simplified specification. The general form of the formal parameter section is 


/ ai, bi, pi / 



where the allowable parameter specifications are: 


Parameter value is variable and may be changed by module 
during execution. 

C Parameter value is prescribed initially by user and is 
an unalterable constant. 

S Parameter is of type V and will be saved automatically 

at completion of module. 

v 


"Y 

bi = < 

N 


Initial parameter value may be specified on PARAM bulk 
data card. 

initial parameter value may not be specified on PARAM 
bulk data card . 


Pi = < 


PNAME = v 


PNAME 


PNAME is BCD name selected by the user to 
represent given parameter. 


The default values for ai and bi depend on the value given for pi. 

The three forms available for pi require additional clarification. The 
symbol v represents an actual numeric value for the parameter and may be used 
only when ai = C and bi = N. The other forms are clarified by the examples 
found at the end of this section. Each parameter has an initial value that is 
established when the DMAP sequence is compiled during execution of the NASTRAN 
preface. The means by which initial values are established for all DMAP param- 
eters is explained by the symbolic examples that follow. The value used at 
execution time may differ from the initial value if and only if the module 
changes the value. 

The formal parameter specifications defined above can, in frequently 
encountered instances, be greatly simplified. Situations where these simpli- 
fications may be used are: 

/ C,N,v / can be written as / v / 

The value v is written exactly as it would be in the formal speci- 
fication with the exception of BCD constant parameters, in which case 
the BCD string is enclosed by asterisks (i.e., / * STRING* /) . 
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/ V, N , PNAME / can be written as / PNAME / 

/ V,N, PNAME = v / can be written as / PNAME = v / 

Again, in the case where the value v appears, it is written 
exactly as in the case of the formal specification. In this case, 

BCD strings are not delimited by asterisks. 

/ (default value) / can be written as // 

If a particular parameter has a predefined default value and the user 
wishes to choose this value, then it is necessary only to code suc- 
cessive slashes. If a parameter does not have a default value, an 
error message is issued. 

Six parameter types are available and the type of each parameter may not 
be changed. The types and examples of values as they would be written in DMAP 
are given as follows: 


Parameter type 

Value examples 

Integer 

7 

-2 

0 

Real 

-3.6 

2. 4+5 

0.01-3 

BCD 

VAR01 

STRING3 

B3R56 

Double precision 

2. 5D-3 

1.354D7 

Complex single precision 


(1.0, -3. 

24) 

Complex double precision 


(1. 23D-2, -3 

. 67D2) 


Many possible forms of the parameter section may be used. The following 
examples help clarify the possibilities: 

// Equivalent to / C,N,v / where v is the default value 

which must exist. 

/ C,Y,v Constant input parameter, for example 

/ C,N,0 / C, N, BKL0 / C,N, (1. 0,-1. 0) 

/ O / *BKL0* / (1.0, -1.0) * 

In the examples shown, both in formal and simplified form, 
the values 0 (integer), BKL0 (BCD), and l.O-il.O 
(complex single precision) are defined. 
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/ C,Y,NAME 


/ C,Y, PNAME = V 


/ V,Y, PNAME 
0R 

/ V,Y, PNAME = V 


Constant input parameter; the default value is used unless 
a PARAM bulk data card referencing PNAME is present. 

Error condition is detected if either no PARAM card is 
present or if no default value exists. 

Constant input parameter; the value v is used unless a 
PARAM bulk data card referencing PNAME is present 

Variable parameter; may be input, output, or both; initial 
value is the first of 

Value from the most recently executed S parameter, if any 

Value from PARAM bulk data card referencing PNAME will be 
used if present in bulk data deck 

v, if present in DMAP instruction 

MPL default value, if any 

0 


/ V,N, PNAME 
0R 

/ PNAME 
0R 

/ V,N, PNAME = v 
0R 

/ PNAME = V 


Variable parameter; may be input, output, or both; initial 
value is the first of 

Value from the most recently executed SAVE instruction, 
if any 

v, if present in DMAP instruction 
MPL default value, if any 
0 


If any of the previous V parameters are to be carried forward on S, it must 
replace the V for that parameter (i.e., /S, N, PNAME) . 


4.7 DMAP Compiler Options - XDMAP Instruction 

The user can elect several options when compiling and executing a DMAP 
program by including an XDMAP compiler option instruction in the program. The 
available options are: 

G0 (default) or N0G0 

The G0 option compiles and executes the program, and N0G0 termi- 
nates the job at the conclusion of compilation. 
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LIST or N0LIST (default) 


r 


This option produces a DMAP program source listing. 

DECK or N0DECK (default) 

This option will produce a punched card deck of the program. 

0SCAR or N00SCR (default) 

If the 0SCAR option is selected, a complete listing of the • 
operation sequence control %rray will be given. 

REF or N0REF (default) 

This option will produce a complete cross reference of variable 
parameters, data block names, and module calls for the DMAP 
program. 

ERR=0 or 1 (default) or 2 

This option specifies the error level - 'O' for WARNING, 1 1* for 
P0TENTIALLY FATAL, and '2' for FATAL ERR0R MESSAGE - at which 
termination of the job occurs. See section 4.8 for further 
explanation. 

The complete description of the XDMAP card may be found in the DMAP module 
description section. An XDMAP card need not appear when all default values are 
elected but may be replaced with a BEGIN instruction. 


4.8 Extended Error Handling Facility 

There are three levels of error messages generated during the compilation 
of a DMAP sequence. These levels are WARNING MESSAGE, P0TENTIALLY FATAL 
ERR0R MESSAGE, and FATAL ERR0R MESSAGE. The user has, through available 
compiler options, the ability to specify the error level at which the job will 
be terminated. (See section 4.7 for the manner of specification.) The class 
of P0TENTIALLY FATAL ERR0R MESSAGES is generated by certain compiler con- 
veniences which, if not fully understood by the user, could cause an erroneous 
or incorrect execution of the DMAP sequence. The default value for the error 
level is that of the P0TENTIALLY FATAL ERR0R. An experienced DMAP user often 
uses compiler conveniences when they are fully understood and executes with the 
ERR=2 (FATAL ERR0R) option. 


4.9 DMAP Rules for Executive Operation Instructions 

Each executive operation statement has its own format, which is generally 
open-ended; this means that the number of inputs, outputs, and parameters is 
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not prescribed. Executive operation instructions or statements are divided 
into general categories as follows: 

Declarative instructions FILE, LABEL, and XDMAP which aid the DMAP com- 
piler and the file allocator, as well as provide user convenience 

Instructions EQUIV and PURGE which aid the NASTRAN executive system in 
allocating files and interfacing between functional modules 

Control instructions REPT, JUMP, C0ND, EXIT, and END which control the 
order in which DMAP instructions are executed 

The rules associated with the executive operation instructions are distinct for 
each instruction and are discussed individually in section 4.2. 


4.10 Techniques and Examples of Executive Module Usage 

Before reading this section, the new DMAP user should read sections 5.2 
to 5.5 to become familiar with the terminology. 

Even though the DMAP program may be interpretable by the DMAP compiler, 
there is no guarantee that the program will yield the desired results. There- 
fore, this section is provided to acquaint the DMAP programmer with techniques 
and examples used in writing DMAP programs. In particular, the instructions 
REPT, FILE, EQUIV, and PURGE are discussed in some detail. 

The data blocks and functional modules referenced, in the following examples 
are fictitious and have no relationship to any real data blocks or functional 
modules. A data block is described as having a status of "not generated," 
"generated," or "purged." A status of not generated means that the data block 
is available for generation by appearing as output in a functional module. A 
status of generated means that the data block contains data which are available 
for input to a subsequent module. A status of purged means that the data block 
cannot be generated and any functional module attempting to use this data block 
as input or output is informed that the purged data block is not available for 
use. 


4.11 REPT and FILE Instructions 

DMAP instructions bounded by both the REPT instruction and the label refer- 
enced by the REPT instruction are referred to as a loop. The location refer- 
enced by the REPT is called the top of the loop. In many respects, a DMAP loop 
is like a giant functional module since it requires inputs and generates output 
data blocks without any special action by the DMAP programmer. The one excep- 
tion is a data block that is not referenced outside the loop (i.e., an internal 
data block with respect to the loop) . The file allocator considers internal 
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data blocks as scratch data blocks to be used for the present pass through the 
loop but not saved for input at the top of the loop. Should the DMAP programmer 
desire to save an internal data block, he may do so by declaring the data block 
SAVE in the FILE instruction. 


When the REPT instruction transfers control back to the top of the loop, 
the status of all internal data blocks is changed to not generated unless the 
internal data block is declared SAVE or APPEND in a FILE instruction. Equiva- 
lences established between internal data blocks (not declared saved) and data 
blocks referenced outside the loop are not carried over the next time through 
the loop. The equivalence must be reestablished each time through the loop. 
Data blocks generated by the input file processor are considered referenced 
outside all DMAP loops. The following example shows the use of REPT and FILE 
instructions: 


r XDMAP 
FILE 
LABEL 
M0D1 
C0ND 
DMAP < M0D2 
LABEL 
M0D3 
REPT 
M0D4 
^ END 


ERR =2 

X=SAVE / Y=APPEND / Z=APPEND $ 
LI $ 

B/W ,Y $ 

L3,PX $ 

A/X/S ,N ,PX=0 $ 

L3 $ 

W,X, Y/Z $ 

LI ,1 $ 

Z// $ 

$ 


Assume that M0D2 sets PX = 0 when it is executed. Note that Z is declared 
APPEND whereas Y will be saved since it is an internal data block that is to 
be appended. X is an internal data block that is to be saved since it is only 
generated the first time through the loop but is needed as input each time the 
loop is repeated. W is an internal data block that is generated each time 
through the loop; therefore, it is not saved. This example is controlled with 
a constant REPT instruction. To code loops where the loop variable is unknown 
until execution time, the variable REPT option may be used. 

The following table shows what happens when the preceding DMAP program is 
executed. Only modules being executed are shown in the table. Data blocks A 
and B are assumed to be generated by the input file processor and hence are 
considered referenced outside all DMAP loops. 
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Module being 
executed 

Input status 
and comments 

Output status and 
comments 

M0D1 

B - assumed generated by 
the input file processor 

W,Y - generated 

C0ND 

PX is 0 

No transfer occurs since PX = 0 

M0D2 

A - assumed generated by 
the input file processor 

X - generated 

PX is set <0 and saved for subse- 
quent use 

M0D3 

W,X,Y are all generated at 
this point 

Z - generated 

REPT 

Loop count is initially 
set at 1 

Transfer to Ll - set loop count to 
1-1=0; status of data blocks 
at top of loop will be A,B,Z - 
generated (referenced outside 
loop) ; X,Y - generated (internal 
data blocks declared saved) 

W - not generated (internal data 
block) 

M0D1 

B - generated 

W - generated 
Y - generated (appended) 

C0ND 

PX is not <0 due to SAVE 

Transfer to L3 occurs 

M0D3 

W,X,Y - generated 

Z - generated (appended) 

REPT 

Loop count is now 0 

No transfer occurs 

M0D4 

Z - generated 

Output to printer (assumed) 

END 


Normal termination of crobl ■■■n 


4.12 EQUIV Instruction 

There are no restrictions on the status of data blocks referenced in an 

EQUIV instruction. Consider the instruction EQUIV A,B^, ,B N /P $ when P < 0. 

Data blocks B^, ,B N take on all the character istics of data block A including 

the status of A; thus, the status of some Bj can change from purged to generatec 
or not generated. 

The EQUIV instruction will unequivalence data blocks when P ^ 0. In an 
unequivalence operation, the status of all secondary data blocks reverts to not 
generated. Suppose A, B, and C are all equivalenced and P = 0. EQUIV A,B/P $ 
breaks the equivalence between A and B but not between A and C. 

Now consider the following situation: Data block B is to be generated 

by repeatedly executing functional module M0D2. The input to M0D2 is the 
previous output from M0D2. That is to say, each successive generation of B 
depends on the previous B generated. The following example shows how the EQUIV 
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instruction is used to solve this problem. (Assume parameter BREAK £ 0 and 
parameter LINK < 0.) 


DMAP 

loop 



V 


XDMAP 

EER=2 $ 

M0D1 

A/B $ 

LABEL 

Ll $ 

EQUIV 

B , BB/BREAK $ 

M0D2 

B/BB $ 

EQUIV 

BB,B/LINK $ 

KEPT 

Ll, 1 $ 

M0D3 

BB// $ 

END 

$ 


The following table shows what happens when the above DMAP program is exe- 
cuted. Only modules being executed are shown in the table. 


Module being 
executed 

Input status 
and comments 

Output status and 
comments 

M0D1 

A - assumed generated 
by input processor 

B - generated 

EQUIV 

B will not be equiva- 
lenced to BB since 
BREAK £ 0 

No action taken 

M0D2 

B - generated 

BB - generated 

EQUIV 

BB and B are not equiva- 
lenced; B - generated; 
BB - generated 
LINK < 0 

B is equivalenced to BB; that is, 

B assumes all of the character- 
istics of BB and B and BB then 
both have the status of generated 

REPT 

Loop count is 
initially 1 

Transfer to Ll; set loop count 
to 1-1=0 

EQUIV' 

B and BB are generated 
and equivalenced; 
BREAK ^ 0 

The equivalence is broken; 
B - generated; 

BB - not generated 

M0D2 

B - generated 

BB - generated 1 

EQUIV 

BB and B are generated 
and not equivalenced; 
LINK < 0 

B equivalenced to BB^ 
B,BB - generated 

REPT 

Loop count is 0 

No transfer occurs 

M0D3 

BB - generated 

Output to printer (assumed) 

END 


Normal termination of problem 
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Since equivalences are automatically broken between internal files not 
declared saved and files referenced outside the loop, the above DMAP program 
could be written as follows and the same results achieved: 


XDMAP 
M0D1 
f LABEL 
DMAP ) M0D2 
loop \ EQUIV 
l^REPT 
M0D3 
END 


ERR=2 $ 

A/B $ 

LI $ 

B/BB $ 

BB, B/LINK $ 
Ll,l $ 

B// $ 

$ 


Data block BB is not internal; therefore, the instruction EQUIV B,BB/BREAK $ 
is not needed. 


4.13 PURGE Instruction 

The status of a data block is changed to purged by explicitly or implicitly 
purging it. A data block is explicitly purged through the PURGE instruction 
whereas it is implicitly purged if it is not created by the functional module 
in which it appears as an output. 

The primary purpose of the PURGE instruction is to prepurge data blocks. 
Prepurging is the explicit purging of a data block prior to its appearance as 
output from a functional module. Prepurging data blocks allows the NASTRAN 
executive system to allocate available files more efficiently and decreases 
problem execution time. The DMAP programmer should look for data blocks that 
can be prepurged and purge them as soon as it is recognized that they are not 
generated. 

Sometimes during the execution of a problem it is necessary to generate 
a data block whose status is purged. This situation can occur in DMAP looping. 
To generate a data block that is purged, it is first necessary to unpurge it 
(i.e., change its status from purged to not generated). Unpurging is achieved 
by executing a PURGE instruction which references the purged data block and 
whose purge parameter is positive. 

The PURGE instruction thus has two functions, to unpurge and purge data 
blocks, depending on the value of the purge parameter and the status of the 
referenced data block. The following table shows that action is taken by the 
PURGE instruction for all combinations of input: 
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PURGE A/P $ 

Status of data block 
prior to PURGE 

Value of P 

Status of data block A 
after PURGE 

Not generated 

P £ 0 

Not generated (i.e.', no action taken) 

Not generated 

P < 0 

Purged 

Generated 

P 2 0 

Generated (i.e., no action taken) 

Generated 

P < 0 

Purged 

Purged 

P £ 0 

Not generated (i.e., unpurged) 

Purged 

P < 0 

Purged (i.e., no action taken) 


The user may wonder why he should not prepurge all data blocks and then 
unpurge them when necessary in order to really assist the file allocator. This 
is not recommended, however, since there is a limited amount of space in the 
table where the status of data blocks is kept. It is possible to overflow this 
table if too many data blocks are purged at one time; therefore, only those 
data blocks that can truly be prepurged should be done so. An example of 
explicit and implicit purging and prepurging follows: 


XDMAP 

ERR=2 $ 

M0D1 

IP/A/S, Y, PX/S, Y, PY/S, Y, PB $ 

PURGE 

X/PX / Y/PY $ 

M0D2 

A/B,C ,D/V,Y ,PB/S ,Y, PC $ 

PURGE 

C/PC $ 

M0D3 

B,C,D/E $ 

M0D4 

E/X,Y, Z $ 

M0D5 

X, Y, Z// $ 

END 

$ 


Assume that module M0D1 sets PX < 0, PY ^ 0, and PB = 0. Assume that B 
is not generated by M0D2 if PB = 0. Assume that M0D2 sets PC < 0 but 
does not change PB. 

The following table shows what happens when the above DMAP program is 
executed. Only modules being executed are shown in the table. 
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Module being 
executed 

Input status 
and comments 

Output status and 
comments 

M0D1 

IP - assumed generated by 
the input file processor 

A - generated 

PX < 0, PY £ 0, PB = 0 and save 
for use in subsequent modules 

PURGE 

X,Y - not generated 
PX < 0, PY = 0 

X - purged (i.e., prepurged) 
Y - not generated 

M0D2 

A - generated; PB = 0 

B - purged (i.e., implicitly); 
C,D - generated; PC < 0; 

PC is saved for subsequent use 

PURGE 

C - generated 
PC < 0 

C - purged 

M0D3 

B,C — purged 
D - generated 

E - generated 

M0D4 

E - generated 

X - purged; Y - generated; 
Z - generated 

M0D5 

X - purged 
Y, Z — generated 

Output to printer (assumed) 

END 


Normal termination of problem 


The following is an example of unpurging: 


DMAP 

loop 


XDMAP 

ERR=2 $ 

FILE 

X=SAVE/Y =SAVE $ 

FILE 

Z= APPEND $ 

M0D1 

IP/A $ 

''LABEL 

LI $ 

C0ND 

L2 , NPX $ 

PURGE 

X/NPX $ 

) M0D2 

a/x,y/s,y,px=o/s,n,npx=o $ 

S PURGE 

X/PX $ 

LABEL 

L2 $ 

M0D3 

X, Y/Z $ 

REPT 

Ll, 2, $ 

M0D4 

z// $ 

END 

$ 

2 sets PX < 

0 and NPX ^ 0 the first 

2 sets PX £ 

0 and NPX < 0 the second 


The following table shows what happens when this DMAP program is executed. 
Only modules being executed are shown in the table. 
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Module being 
executed 

Input status 
and comments 

Output status and 
comments 

M0D1 

IP - assumed generated 
by input file processor 

A - generated 

C0ND1 

NPX = 0 

Jump not executed 

PURGE 

« 

X - not generated 

X - not generated (i.e., no action 
taken) 

M0D2 

A - generated 

X,Y - generated; PX < 0 and 

NPX ^ 0 are saved for subsequent 
use 

PURGE 

X - generated; PX < 0 

X - purged 

M0D3 

X - purged; Y - generated 

Z - generated 

REPT 

Loop count = 2 

Transfer to location LI; 
loop count = 1 

C0ND 

NPX ^ 0 

Jump not executed 

PURGE 

X - purged; NPX ^ 0 

X - not generated (i.e., unpurged) 

M0D2 

A - generated 

X - generated; Y - generated (note 
old data for Y are lost because 
Y not appended) ; PX = 0 and 
NPX < 0 are saved for subse- 
quent use 

PURGE 

X - generated; PX ^ 0 

X - generated (i.e., no action 
taken) 

M0D3 

X , Y - generated 

Z - generated (note new data 
appended to old because Z 
declared appended) 

REPT 

Loop count = 1 

Transfer to location LI; 
loop count = 0 

C0ND 

NPX < 0 

Transfer to location L2 

M0D3 

X,Y - generated 

Z - generated (i.e., appended) 

REPT 

Loop count = 0 

Fall through to next instruction 

M0O4 

Z - generated 

Output to printer (assumed) 

END 


Normal termination of problem 
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5. DIRECT MATRIX ABSTRACTION MODULES 


5.1 Index of DMAP Modules Descriptions 

Descriptions of all modules are contained herein and are arranged alpha- 
betically by category, as indicated by the following lists: 


Executive Operation Modules 


C0ND 

JUMP 


END 

LABEL 

& 

EQUIV 

PURGE 


EXIT 

REPT 


FILE 

XDMAP 


Structurally Oriented Modules 


DPD 

0FP 

SCEl 

DSMG1 

PL0T 

SDRl 

EMA 

PLTSET 

SDR2 

EMG 

PRTMSG 

SMP1 

GPl 

RBMG1 

SMP2 

GP2 

,RBMG2 

SSG1 

GP3 

RBMG3 

SSG2 

GP4 

RBMG4 

SSG3 

GPSP 

READ 

TA1 

Matrix Operation Modules 


ADD. 

MPYAD 


DEC0MP 

PARTN 


FBS 

S0LVE 


MERGE 

TRNSP 


Utility Modules 

C0PY 

PARAML 


DIAGONAL 

PARAMR 


INPUTT2 

PRTPARM 


MATPRN 

SCALAR 


0UTPUT2 

SETVAL 


PARAM 

SWITCH 


In the examples 

that accompany 

each description, the following notation 

is used: 

Upper-case letters and special 

symbols in the DMAP calling sequence must 


be punched as shown except for data block names, parameter names, and 
label names that are symbolic 

Lower-case letters represent constants whose permissible values are indi- 
cated in the descriptive text 
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Due to the many possible forms which may be used when writing parameters, 
a variety of arbitrarily selected forms is used in the examples. This situa- 
tion does not imply that the form used in any example is required or that it 
is the only acceptable form allowed. 

< 

The form, type, and precision of the terms are used in many functional 
module descriptions. By form, one of the following is meant: 

Form Meaning 

1 Square 

i 2 Rectangular 

6 Symmetric 

By type, one of the following is meant: 

Type Meaning 

1 Real, single precision 

2 Real, double precision 

3 Complex, single precision 

4 Complex, double precision 

« 

By precision, one of the following is meant: 

Precision indicator Meaning 

1 Single-precision numbers 

* 2 Double-precision numbers 


5.2 Executive Operation Modules 

Module Basic function Page 
C0ND Conditional forward jump 131 
END Always last in DMAP; terminates DMAP execution 132 
EQUIV Assigns another name to a data block 133 
EXIT Conditional DMAP termination 134 
FILE Defines special data block characteristics to DMAP compiler 135 
JUMP Unconditional forward jump 136 
LABEL Defines DMAP location 137 
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1111 H 


mill iiiiii hi 


Module Basic function Page 
PURGE Conditional data block elimination 138 
REPT Repeats a series of DMAP instructions ,139 
XDMAP Controls the DMAP compiler options 141 


All modules classified as executive operation modules are individually 
described in this section. Additional discussions concerning the interaction 
of the executive modules with themselves and with the NASTRAN executive system 
are contained in sections 4.9 to 4.13. 
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I . NAME: C0ND 


(Conditional transfer) 


II. PURP0SE : To alter the normal order of execution of DMAP modules by con- 

ditionally transferring program control to a specified location in the 
DMAP program. 

III. DMAP CALLING SEQUENCE : 

C0ND n,V $ 
where 

n BCD label name specifying the location where control is to be 

transferred (see LABEL instruction) 

V BCD name of a variable parameter whose value indicates whether 

or not to execute the transfer. If V < 0, the transfer is 
executed. 

IV. EXAMPLE : 

BEGIN $ 

a 

a 

a 

C0ND L1,K $ 

M0DULE1 A/B/V,Y,P1 $ 


LABEL LI $ 
M0DULEN X/Y $ 


END $ 

If K £ 0, M0DULE1 is executed. If K < 0, control is transferred to 
the label LI and M0DULEN is executed. 

V. REMARKS : 

1. Only forward transfers are allowed. See the REPT instruction for 
backward transfers. 
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I. NAME: END 


(End DMAP program) 


II. 

III. 

IV. 


PURP0SE : Denotes the end of a DMAP program. 

DMAP CALLING SEQUENCE : 

END $ 

REMARKS : 

1. The END instruction also acts as an implied EXIT instruction. 
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I 


I. NAME ; EQUIV (Data block name equivalence) 

II. PURP0SE : To attach one or more equivalent (alias) data block names to 

an existing data block so that the data block can be referenced by 
several equivalent names. 

III. DMAP CALLING SEQUENCE ; 

EQUIV DBNl A , DBN 2 A , DBN 3 A / PARMA / DBN1B,DBN2B / PARMB $ 

The number of data block names (DBNij) prior to each parameter (PARMj ) 
and the number of such groups in a particular calling sequence are 
variable. 

IV. INPUT DATA BL0CKS ; 

DBN1A,DBN2A, etc. Any data block names that appear within the DMAP 

sequence. The first data block name in each group 
(DBNl A and DBN IB in the previous examples) is known 
as the primary data block and the second, etc. , 
data block names become equivalent to the primary, 
depending on the associated parameter value. These 
equivalenced data blocks are known as secondary 
data blocks. 

V. 0UTPUT DATA BL0CKS : None specified or permitted. 

VI. PARAMETERS ; 

PARMA, etc. One is required for each set of data block names. 

VII. METH0D ; The data block names in each group are made equivalent if the 
value of the associated parameter is less than 0. If a number of data 
blocks are already equivalenced and the parameter value is =0, the 
equivalence is broken and the data block names again become unique. If 
the data blocks are not equivalenced and the parameter value is =0, no 
action is taken. 

VIII. REMARKS ; 

1. An EQUIV statement may appear at any time as long as the primary data 
block name has been previously defined. 

2. If an equivalence is to be performed at all times (i.e., the parameter 
value is always negative) , it is not necessary to specify a parameter 
name . For example , 

EQUIV DB1 ,DB2 // DB3 ,DB4 $ 
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I. NAME; EXIT 


(Terminate DMAP program) 


II. PURPOSE: To conditionally terminate the execution of the DMAP program. 

III. DMAP CALLING SEQUENCE ; 

EXIT c $ where c is an integer constant which specifies the number of 

times the instruction is to be ignored before terminating the pro- 
gram. If c = 0, the calling sequence may be shortened to EXIT $. 

IV. EXAMPLE : 

BEGIN $ 

t 


f LABEL LI $ 


M0DULE A/B/V,Y,Pl $ 


DMAP 

loop 


EXIT 3 $ 


[^REPT LI, 3 $ 


END $ 


V. REMARKS : 

1. The EXIT instruction is executed the third time the loop is repeated 
(i.e., the instructions within the loop will be executed four times). 

2. EXIT may appear anywhere within the DMAP sequence. 
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I . NAME : FILE 


(File allocation aide) 


II. PURP0SE ; To inform the file allocator of any special characteristics 
of a data block. 

III. DMAP CALLING SEQUENCE ; 

FILE A=al,a2...a0t / B=bl,b2...bS / .... / Z=zl , z2. . . zto $ 
where 

A,B...Z names of data blocks possessing special characteristics 

al. . .aa,bl. . .bf3, . . . , zl. . .zto special characteristics from the following 

list 

The allowable special characteristics ares 

SAVE Indicates data block is to be saved for possible looping in 

DMAP program. 

APPEND Output data blocks which are generated within a DMAP loop are 

rewritten during each pass through the loop unless the data 
block is declared APPEND in a FILE statement. The APPEND 
declaration allows a module to add information to a data block 
on successive passes through a DMAP loop. 

TAPE Indicates that data block is to be written on a physical tape 

if a physical tape is available. 

Data blocks created by the NASTRAN preface may not appear in FILE 
declarations . 

Symbolic DMAP sequences which explain the use of the FILE instruction are 
given in section 4.11. 

FILE is a nonexecutable DMAP instruction which is used only by the DMAP 
compiler for information purposes. 

A data block name may appear only once in all FILE statements; otherwise, 
the first appearance will determine all special characteristics applied 
to the data block. 
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I. NAME: JUMP 


(Unconditional transfer) 


II. PURP0SE : To alter the normal order of execution of DMAP modules by 

unconditionally transferring program control to a specified location in 
the DMAP program. The normal order of execution of DMAP modules is the 
order of occurrence of the modules as DMAP instructions in the DMAP 
program. 

!H. DMAP CALLING SEQUENCE ; 

JUMP n $ where n is a BOD name appearing on a LABEL instruction which 
specifies where control is to be transferred. 

IV. REMARKS : 

1. Jumps must be forward in the DMAP sequence. See the REPT instruction 
for backward jumps. 
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(DMAP location) 


I. NAME: LABEL 

II. PURP0SE : To label a location in the DMAP program so that the location 

may be referenced by the DMAP instructions JUMP, C0ND, and REPT. 

III. DMAP CALLING SEQUENCE : 

LABEL n $ where n is a BCD name. 

IV. REMARKS : 

1. The LABEL instruction is inserted just ahead of the DMAP instruction 
to be executed when transfer of control is made to the label. 

2. LABEL is a nonexecutable DMAP instruction which is used only by the 
DMAP compiler for information purposes. 
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I. NAME: PURGE 


(Explicit data block purge) 


II. PURP0SE : To flag a data block so that it will not be assigned to a 

physical file. 

III. DMAP CALLING SEQUENCE : 

PURGE DBN1A ,DBN2A ,DBN3A / PARMA / DBN1B,DBN2B / PARMB $ 

The number of data block names (DBNj[j) prior to each parameter (PARMj) 
and the number of groups of data block names and parameters in a particu- 
lar calling sequence are variable. 

IV. INPUT DATA BL0CKS : 

DBNlA,DBN2A, etc. Any data block names that appear within the DMAP 

sequence 

V. 0UTPUT DATA BL0CKS : None specified or permitted 

VI. PARAMETERS : 

PARMA, etc. One is required for each group of data block names. 

VII. METH0D : The data blocks in a group are purged if the value of the 

associated parameter is less than 0. If a data block is already purged 
and the parameter value is ^0, the purged data block is unpurged so that 
it may be subsequently reallocated. If the data block is not purged and 
the parameter value is =0, no action is taken. 

VIII. REMARKS : 

1. If a purge is to be made at all times (i.e., the parameter value is 
always negative) , it is not necessary to specify a parameter name. 

For example, 

PURGE DB1,DB2,DB3,DB4 $ 
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I . NAME: REPT 


(Repeat) 


II. PURPOSE: To repeat a group of DMAP instructions a specified number of 

times . 

III. DMAP CALLING SEQUENCE : 

REPT n,c $ 0R REPT n ,p $ 
where 

n BCD name appearing in a LABEL instruction which specifies the 

location of the beginning of a group of DMAP instructions to be 
repeated (see LABEL instruction) 

c An integer constant hard coded into the DMAP program which 

specifies the number of times to repeat the instructions 

p A variable parameter set by a previously executed module which 

specifies the number of times to repeat the instructions 


IV. EXAMPLES : 
BEGIN $ 


BEGIN $ 


LABEL LI $ LABEL LI $ 

M0DULE1 A/B/V , Y , PI $ M0DULE1 A/B/V,Y,Pl $ 

• • 

. OR M0DULEI B/C/V, Y , NL00P $ 

• • 

M0DULEN B/C/V,Y,P2 $ M0DULEN C/D/V,Y,P2 $ 

REPT LI, 3 $ REPT L1,NL00P $ 


END $ 


END $ 
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V. REMARKS; 


1. REPT is placed at the end of the group of instructions to be repeated. 

2. When a variable number of loops are to be performed, as in the second 
example in the Examples section, the value of the variable at the first 
time the REPT instruction is encountered will determine the number of 
loops. This number will not be changed after the initial assignment. 

3. A C0ND (conditional jump) instruction may be used to exit from the 
loop if desired. 

4. In the first example, the instructions M0DULE1 to M0DULEN will be 
repeated three times (i.e., executed four times). 
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I. NAME: XDMAP 


(Execute DMAP program) 


II. PURPOSE: To control the DMAP compiler options. 

Til. DMAP CALLING SEQUENCE: 


XDMAP ijfe ' 


ERR=0 
ERR=1 
ERR =2 


LIST 1 I 0SCAR 1 j REF 
N0LIST j ' \ N00SCR j ' \ N0REF 


where 

Q0 Compiles and executes program (default) 

N0G0 Compiles only and terminates job 

ERR Defines the error level at which suspension of execution will 

occur 

ERR = 0 warning error level 

ERR = 1 potentially fatal error level 

ERR = 2 fatal error level 

LIST Listing of the DMAP program will be printed 

N0LIST No listing (default) 

DECK Deck of the DMAP program will be punched 

N0DECK Deck will not be punched (default) 

0SCAR Detailed listing of 0SCAR (operation sequence control array) ; 
output of the DMAP compiler 

N00SCR No 0SCAR listing (default) 

REF Cross-reference listing of the program will be printed 

N0REF No cross-reference (default) 

IV. REMARKS : 

1. The XDMAP instruction is nonexecutable and is used to control the 
previously mentioned options by the DMAP compiler. 
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5.3 Structurally Oriented Modules 


Module 

Basic function 


Page 

DPD 

Dynamics pool distributor 


144 

DSMG1 

Differential stiffness matrix generator 

146 

EMA 

Element matrix assembler 


148 

BMG 

Element generator 


l— 1 

GP1 

Geometry processor - phase 1 


151 

GP2 

Geometry processor - phase 2 


152 

GP3 

Geometry processor - phase 3 


153 

GP4 

Geometry processor - phase 4 


154 

GPSP 

Grid-point singularity processor 


156 

0FP 

Output file processor 


157 

PL0T 

Structural plotter 


158 

PLTSET 

Plot set definition processor 


160 

PRTMSG 

Message writer 


161 

RBMG1 

Rigid-body matrix generator - phase 

1 

162 

RBMG2 

Rigid-body matrix generator - phase 

2 

163 

RBMG3 

Rigid-body matrix generator - phase 

3 

164 

RBMG4 

Rigid-body matrix generator - phase 

4 

165 

READ 

Real eigenvalue analysis 


166 

SCEl 

Single-point constraint eliminator 


168 

SDRl 

Stress data recovery - phase 1 


170 

SDR 2 

Stress data recovery - phase 2 


172 
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Module 

Basic function 


Page 

SMP1 

Structural matrix partitioner - phase 1 

175 

SMP2 

Structural matrix partitioner - phase 2 

176 

SSG1 

Static solution generator - 

phase 1 

177 

SSG2 

Static solution generator - 

phase 2 

178 

SSG3 

Static solution generator - 

phase 3 

180 

TA1 

Table assembler 


182 
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I. NAME: DPD 


(Dynamics pool distributor) 


II. PURP0SE : DPD is the principal data processing module for dynamics 

problems. New tables are assembled to account for any extra points in 
the model and the additional displacement sets used in dynamics. Bulk 
data cards that control the solution of a dynamics problem are processed 
and assembled into various data blocks for convenience and efficiency in 
solving the dynamics problem. 

III. DMAP CALLING SEQUENCE : 

DPD DYNAMICS f GPL , SIL ,USET/GPLD f SILD , USETD , TFP00L , DLT , PSDL , FRL ,NLFT , TRL , 
EED,EQDYN/V,N,LUSET/V,N,LUSETD/V f N,N0TFL/V f N,N0DLT/V,N,N0PSDL/V,N, 
N0FRL/V , N , N0NLFT/V , N , N0TRL/V , N , N0EED/C , N , 0/V , N , N0UE $ 

IV. INPUT DATA BL0CKS : 

DYNAMICS Collection of bulk data cards for dynamics problem 


GPL 

Grid-point list 


SIL 

Scalar index list 


USET 

Displacement set definitions 

table 

DYNAMICS may be purged. Other input data blocks may not be purged. 

0UTPUT DATA 

BL0CKS: 


GPLD 

Grid-point list dynamics 


SILD 

Scalar index list dynamics 


USETD 

Displacement set definition 

table dynamics 

TFP00L 

Transfer function pool 


DLT 

Dynamic loads table 


PSDL 

Power spectral density list 


FRL 

Frequency response list 


NLFT 

Nonlinear forcing table 


TRL 

Transient response list 


EED 

Eigenvalue extraction data 


EQDYN 

Equivalence between external 

and internal numbers; dynamics 
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GPLD, SILD/USETD, and EQDYN may not be purged. All other data blocks may 
be purged. 

VI. PARAMETERS ; 

LUSET Input; integer; no default. Degrees of freedom in the g dis- 

placement set. 

LUSETD Output; integer; no default. Degrees of freedom in the p dis- 

placement set. 

N0TFL Output; integer; no default. Number of transfer function sets 

in the bulk data; -1 if no sets are defined. 

N0DLT Output; integer; no default. +1 if dynamics load data are 

present in the bulk data (i.e., DLT is created); -1 otherwise. 

N0PSDL Output; integer; no default. +1 if the PSDL is created; 

-1 otherwise. 

N0FRL Output; integer; no default. +1 if the FRL is created; 

-1 otherwise. 

N0NLFT Output; integer; no default. +1 if the NLFT is created; 

-1 otherwise. 

N0TRL Output; integer; no default. +1 if the TRL is created; 

-1 otherwise. 

N0EED Output; integer; no default. +1 if the EED is created; 

-1 otherwise. 

N0UE Output; integer; no default. Number of extra points in the 

model; -1 if there are no extra points. 
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I. NAME: DSMG1 


(Differential stiffness matrix generator) 

II. PURP0SE : To generate the differential stiffness matrix [" K ggl which 

is used in buckling analysis. 

III. DMAP CALLING SEQUENCE : 

DSMG1 CASECC, SIL,EDT,UGV,CSTM,MPT, ECPT, GPCT, DIT/KDNN/V,N,DSC0SET $ 

IV. INPUT DATA BL0CKS : 

CASECC Case control data table 

SIL Scalar index list 

EDT Element deformation table 

UGV Initial approximation to the displacement vector; g set 

CSTM Coordinate system transformation matrices 

MPT Material properties table 

ECPT Element connection and properties table 

GPCT Grid-point connection table 

DIT Direct input tables 

A fatal error exists if CASECC is purged. 

A fatal error exists if an element deformation set is requested by the 
user in case control and EDT is purged. 

A fatal error exists if UGV is purged. 

CSTM can be purged. However, if some grid point of the model is not in 
basic coordinates and the CSTM is purged, a fatal error occurs. 

If the MPT is purged and some element references a material property, a 
fatal error occurs. 

A fatal error occurs if the ECPT is purged. 

A fatal error occurs if the GPCT is purged. 
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V. 0UTPUT DATA BL0CKS: 


KDNN ' Partition of differential stiffness matrix; g set 

KDNN cannot be prepurged. A fatal error occurs if it is. 

VI. PARAMETERS: 


DSC0SET 


Output; integer; no default value 



I 


NAME: EMA 


(Element matrix assembler) 


II. PURP0SE : To superimpose matrices corresponding to elements into a 

structural matrix corresponding to all degrees of freedom at all grid 
points. 

V 

III. DMAP CALLING SEQUENCE : 

EMA GPECT ,XEMD ,XMAT / XGG,GPST / C,N,N0K4 / C,N,WTMASS $ 

IV. INPUT DATA BL0CKS : 

GPECT Grid-point element connection table 

XEMD X-matrix element matrix dictionaries (X = K, M, B, or KD) 

XMAT Element matrices 

V. 0UTPUT DATA BL0CKS ; 

XGG Structural matrix (X = K, M, B, KD, or K2) 

GPST Grid-point singularity table 

VI. PARAMETERS : 

N0K4 Input; integer; no default. Flag which specifies whether 

damping factor is to be used in assembling matrix (-1 ignores 
factor) . 

WTMASS Input; floating point; Default = 1.0. Constant by which all 

element matrix terms are multiplied. 
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I. NAME: EMG 


(Element generator) 


II. PURP0SE : This module will compute and output stiffness and mass 

matrices for individual elements. The module also produces auxiliary 
description and location data (i.e., dictionary information) with 
respect to the above element stiffness and mass matrices. This module 
does not assemble these element matrices with regard to some element 
linkage specification. The assembly process is performed by module EMA. 

III. DMAP CALLING SEQUENCE : 

EMG EST,CSTM,MPT,DIT,GE0M2,/EELM, EDICT, MELM,MDICT,BELM,BDICT/V,N, 

N0E/V,N ,N0M/V,N ,N0B/V,N ,N0E4GG/V,N ,N0EDGG/V,N ,C0NMASS/ $ 

IV. INPUT DATA BL0CKS : 

EST Element summary table 

CSTM Coordinate system transformation matrices 

MPT Material properties table 

DIT Direct input table 

GE0M2 Geometry table 2 

The CSTM may be purged. The MPT may be purged only if elements which do 
not reference any material data are used. 

V. 0UTPUT DATA BL0CKS : 

KELM Element stiffness matrix partitions 

EDICT Dictionary table for element stiffness matrix partitions 

MELM Element mass matrix partitions 

MDICT Dictionary table for element mass matrix partitions 

BELM Element damping matrix partitions 

BDICT Dictionary table for element damping matrix partitions 

If either of a matrix-dictionary data block pair is purged, that particu- 
lar data block pair will not be formed. 
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VI. PARAMETERS: 


N0K 

N0B 

N0K4GG 

N0KDGG 

C0NMASS 


Input; integer; no default. A value -0 implies that they 
do not form stiffness matrix and dictionary data blocks. A 
value >0 implies that they form stiffness matrix and 
dictionary data blocks. 

Same as N0K but for mass matrices. 

Same as N0K. 

Output; Default = -1. 

Currently not used. 

Integer; input; no default. A value =0 implies that they 
do not form consistent mass matrices. A value >0 implies that 
they form consistent mass matrices. 
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I. NAME ; GP1- (Geometry processor - phase 1) 

II. PURP0SE : GP1 performs basic geometry processing for the model. A list 

of all grid and scalar points is assembled and placed in internal order. 
Coordinate system transformation matrices are computed, and all grid 
points are transformed to the basic coordinate system. 

HI. DMAP CALLING SEQUENCE : 

«. 

GP1 GE0M1,GE0M2,X/GPL,EQEXIN,GPDT,CSTM,BGPDT,SIL/V,N,LUSET/V, 
N,N0CSTM/V,N,N0GPDT $ 

IV. INPUT DATA BL0CKS : 

GEffrll Grid point; coordinate system; sequence data 

GE0M2 Element connection data 

X Dummy data block 

V. 0UTPUT DATA BL0CK S: 

GPL Grid-point list 

EQEXIN Equivalence between external grid or scalar numbers and 

internal numbers 

GPDT Grid-point definition table 

CSTM Coordinate system transformation matrices 

BGPDT Basic grid-point definition table 

SIL Scalar index list 

No output data block may be purged. 

VI. PARAMETERS : 

LUSET Output; integer; no default. Total degrees of freedom in the 

g displacement set. 

N0CSTM Output; integer; no default. Number of coordinate systems 

defined in the bulk data deck; -1 if no coordinate systems 
defined . 

N0GPDT Output; integer; no default. -1 if no grid or scalar points 

defined in bulk data deck; +1 otherwise. 
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I. NAME: GP2 


(Geometry processor - phase 2) 


II. PURP0SE : GP2 processes element connection data and converts external 

point numbers to internal numbers. 

III. DMAP CALLING SEQUENCE : 

GP2 GE0M2 , EQEXIN/ECT $ 

IV. INPUT DATA BL0CKS : 

GE0M2 Element connection data 

EQEXIN Equivalence between external grid or scalar numbers and 

internal numbers 

EQEXIN may not be purged. 

V. 0UTPUT DATA BL0CKS : 

ECT Element connection table 

ECT may not be purged. 

* 

VI. PARAMETERS: None 
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I. NAME: GP3 (Geometry processor - phase 3) 

II. PURP0SE : GP3 processes static loads data. Static loads data are col 

lected by set, and external numbers are converted to internal numbers 

III. DMAP CALLING SEQUENCE ; 

GP3 GE0M3 ,EQEXIN ,GE0M2/SLT/V,N,N0L0AD/V,N ,N0GRAV/V ,N ,N0TEMP $ 

IV. INPUT DATA BL0CKS : 

GE0M3 Static loads and temperature data 

EQEXIN Equivalence between external grid and scalar numbers and 

internal numbers 

GEJ3M2 Element connection data 

EQEXIN may not be purged. 

V. 0UTPUT DATA BL0CKS : 

SLT Static loads table 

VI. PARAMETERS : 

N0L0AD Output; integer; no default. -1 if no static loads (i.e. 

SLT is not created); +1 otherwise. 

N0GRAV Output; integer; -1. 


N0TEMP 


Output; integer; -1 
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I. NAME: GP4 (Geometry processor - phase 4) 

II . PURP0SE : GP4 assembles the various displacement sets and builds the 

displacement set definition table (USET) . Additionally, for statics 
problems, GP4 analyzes subcases based on single-point constraint sets 
and set parameters to control execution of the DMAP sequence. 

III. DMAP CALLING SEQUENCE : 

GP4 CASECC,GE0M4,EQEXIN,SIL,GPDT,BGPDT,CSTM / YS,USET /V,N,LUSET / 
V,N,MPCFl / V,N,MPCF2 / V,N, SINGLE / V,N,0MIT / V,N, REACT / 
V,N,NSKIP / V,N, REPEAT / V,N,N0SET / V,N,N0L / V,N,N0A / 

C,N,SSID $ 

IV. INPUT DATA BL0CKS : 

CASECC Case control data table 

GE0M4 Displacement set definition 

EQEXIN Equivalence between external grid and internal numbers 

SIL Scalar index list 

GPDT Grid-point definition table 

BGPDT Basic grid-point definition table 

CSTM Coordinate system transformation matrix table 

Only GE0M4 and CSTM may be purged. 

V. 0UTPUT DATA BL0CKS : 

YS Constrained displacement vector (s) set 

USET Displacement set definition table 

YS may be purged. 

VI. PARAMETERS : 

LUSET Input; integer; no default. Degrees of freedom in the g dis- 

placement set. 

MPCF1 Output; integer; -1. 

MPCF2 Output; integer; -1. 
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SINGLE 


(ZMIT 

REACT 

NSKIP 

REPEAT 

N0SET 

N0L 

N0A 

SSID 


Output; integer; no default. +1 if the current subcase con- 
tains single-point constraints; -1 otherwise. 

Output; integer; no default. +1 if the model contains 
omitted coordinates; -1 otherwise. 

Output; integer; no default. +1 if the model contains sup- 
ports; -1 otherwise. 

Input ahd output; integer; Default = 0. Number of records 
to skip to reach the first record in the case control data 
block for the next subcase. (NSKIP = 0 for the first 
subcase. ) 

Output; integer; no default. -1 if the current subcase is the 
last subcase in the problem; +1 otherwise. 

Output; integer; no default. -1 if MPCF1 = -1, SINGLE = -1, 
0MIT = -1, and REACT = -1; +1 otherwise. 

Output; integer; Default = +1. -1 if all degrees of freedom 

in the model belong to dependent displacement sets (i.e., no 
degree of freedom belongs to an independent set); +1 otherwise. 

Output; integer; Default = +1. -1 if MPCF1 = -1, 

SINGLE = -1, and 0MIT = -1; +1 otherwise. 

Input; integer; Default = 0. Reserved for future use. 


155 



I. NAME: GPSP 


(Grid-point singularity processor) 


II. PURP0SE : The GPST data block contains data on possible stiffness 

matrix singularities. These singularities may be removed through the 
application of single-point constraints. The GPSP module checks each 
singularity against the list of constraints, and if the singularity is 
not removed, writes data for warning the user. 

III. DMAP CALLING SEQUENCE : 

GPSP GPL, GPST, USET,SIL / 0GPST / V,N,N0GPS $ 

IV. INPUT DATA BL0CKS : 

GPL Grid-point list 

GPST Grid-point singularity table 

USET Displacement set definitions table 

SIL Scalar index list 

No input data block can be purged. 

V. 0UTPUT DATA BL0CKS :. 

0GPST Unremoved grid-point singularities. This data block will 

be processed by the 0FP (output file processor) module. 

VI. PARAMETERS: 


N0GPS 


Output; integer? Default =1. If N0GPS < 0, then 0GPST 
is empty. 


I 


I. NAME : 0FP (Output file processor) 

II. PURP0SE : 0FP outputs to the system output file, in user-oriented, 

self-explanatory formats, data blocks prepared for output by other 
functional modules. 

III. DMAP CALLING SEQUENCE ; 

0FP DB1,DB2,DB3,DB4,DB5,DB6//V,N,CARDN0 $ 

IV. INPUT DATA BL0CKS ; 

One to six input data blocks are output in the order desired. Any or all 
input data blocks may be purged. 

V. 0UTPUT DATA BL0CKS : None 

VI. PARAMETERS ; 

CARDN0 Input and output; integer; Default =0. CARDN0 is incre- 

mented by one and punched in columns 73 to 80 for each card 
punched by 0FP. 
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I. NAME; PL0T (Structural plotter) 

II. PURPOSE : To draw structural shapes on a variety of different plotters. 

III. DMAP CALLING SEQUENCE ; 

PLOT PLTPAR ,GPSETS r ELSETS ,C ASECC , BGPDT , EQEXIN , SIL , PLTDSP1 , PLTDSP2 , 

ECPT ,0ES1/PL0TX/V,N ,NGP/V,N , LSIL/V, N , NPSET/V , N , PLTFLG/V , N , 

PLTNUM $ 

IV. INPUT DATA BLQCKS : 

Plot parameters and plot control table 
Grid-point sets related to the element plot sets 
Element plot set connection tables 
Case control data table 
Basic grid-point definition table 

Equivalence between external grid or scalar numbers and 
internal numbers 

Scalar index list 

Translational deformation (statics) 

Translational deformations (dynamics) 

Grid-point element connection table 
Output element stress requests 

Only SIL, PLTDSPl, and PLTDSP2 may be purged. If this is the case, only 
undeformed shapes may be drawn. 

If either PLTDSPl or PLTDSP2 is purged, that type of deformed shape will 
not be drawn. 

If either PLTDSPl or PLTDSP2 is not purged, SIL may not be purged. 

V. 0UTPUT DATA BL0CKS ; 

PL0TX User messages 
PL0TX may not be purged. 


PLTPAR 

GPSETS 

ELSETS 

CASECC 

BGPDT 

EQEXIN 

SIL 

PLTDSPl 

PLTDSP2 

ECPT 

0ES1 
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PARAMETERS : 


NGP 

LSIL 

NPSET 

PLTFLG 

PLTNUM 


Integer; input; no default value. Number of grid points. 

Integer; input; no default value. Last scalar index value. 

Integer; input; no default value. Number of element plot sets. 

Integer; input/output; Default value = 1. Displacement plot 
flag. 1 if undeformed shapes have not yet been drawn; -1 if 
undeformed shapes have been drawn. 

Integer; input/output; Default value =0. Plot number. 
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NAME: PLTSET 


(Plot set definition processor) 


II. PURP0SE : To generate the structural element sets to be used by the 

structural plotter (functional module PL0T) . 

III. DMAP CALLING SEQUENCE : 

PLTSET PCDB , EQEXIN , ECT/PLTSETX , PLTPAR ,GPSETS , ELSETS/V,N ,NGP/V,N ,NPSET $ 

IV. INPUT DATA BL0CKS : 

PCDB Plot control data block for the structure plotter 

EQEXIN Equivalence between external grid or scalar numbers and 

internal numbers 

ECT Element connection table 

If PCDB is purged, nothing is done in this module. However, if PCDB is 
not purged, neither EQEXIN nor ECT may be purged. 

V. ftJTPUT DATA BL0CKS : 

PLTSETX User error messages related to the definition of element plot 
sets for the structure plotter 

PLTPAR Plot parameters and plot control table 

GPSETS Grid-point sets related to the element plot sets 

ELSETS Element plot set connection tables 

None of these data blocks may be prepurged unless PCDB is also purged. 

VI. PARAMETERS : 

NGP Output; integer; no default. Total number of grid points. 

NPSET Output; integer; Default value = -1. Number of element plot 

sets (set to -1 if none) . 



NAME: PRTMSG 


(Message writer) 


PURP0SE : To process a data block of user-oriented messages. 

DMAP CALLING SEQUENCE : 

PRTMSG MSG// $ 

INPUT DATA BL0CKS : 

MSG Messages to be printed (if purged, nothing is done) 

0UTPUT DATA BL0CKS: None 


PARAMETERS: None 
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I. NAME ; RBMG1 (Rigid-body matrix generator - phase 1) 

II. PURP0SE : RBMG1 partitions [k aa ] into , [K{, r J r and [k rr ] . 

If [ M aa] is not purged, it is partitioned similarly. 




*££ ! 

K£r 


K r£ ! 

K rr _ 


1 


m. DMAP CALLING SEQUENCE : 

RBMG1 USET,KAA,MAA/KLL,KLR,KRR,MLL,MLR,MRR $ 

IV. INPUT DATA BL0CKS : 

USET Displacement set definitions table 

KAA Partition of stiffness matrix; a set 

MAA Partition of mass matrix; a set 

USET may not be purged. 

V. 0UTPUT DATA BL0CKS : 

KLL Partition of stiffness matrix; £ set 

KLR Partition of stiffness matrix 

KRR Partition of stiffness matrix; r set 

MLL Partition of mass matrix; £ set 

MLR Partition of mass matrix 

MRR Partition of mass matrix; r set 

Output data blocks may be purged only if the corresponding input data 
block is purged. 

VI . PARAMETERS ; None 
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I. NAME ; RBMG2 (Rigid-body matrix generator - phase 2) 

II. PURP0SE : RBMG2 decomposes [jK£jJ into its triangular factors [l£j£] 

and [U M ] . 

HI. DMAP CALLING SEQUENCE : 

RBMG2 KLL/LLL/V,N ,P0WER/V,N ,DET $ 

IV. INPUT DATA BL0CKS ; 

KLL Partition of stiffness matrix; £ set 

KLL may not be purged. 

V. 0UTPUT DATA BL0CKS : 

LLL Lower triangular factor of KLL; & set 

LLL may not be purged. 

VI. PARAMETERS ; 

P0WER Output; integer; Default = 1. Power of 10 in the 

determinant of KLL. 

DET Output; real; Default = 1.0. Magnitude of determinant 

of KLL (i.e., det [K££] = DET*lO p 0 WER ) . 
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I. NAME: RBMG3 


(Rigid-body matrix generator - phase 3) 


II. PURPOSE: RBMG3 solves for the rigid-body transformation matrix [dJ 

from the equation 


[km][d] = — [ K £r] 


(1) 


The rigid-body error ratio e is computed from 


||[*rj * for ] 1 [°][ 

I Ml 


( 2 ) 


The absolute value j| j( is the square root of the sum of the squares 
(not a determinant) . 

III. DMAP CALLING SEQUENCE : 

RBMG3 LLL ,KLR ,KRR/DM $ 

IV. INPUT DATA BL0CKS : 

LLL Lower triangular factor of KLL; SL set 

KLR Partition of stiffness matrix 

KRR Partition of stiffness matrix; r set 

Input data blocks may not be purged. 

V. 0UTPUT DATA BL0CKS : 

DM Rigid-body transformation matrix 

The DM data block corresponds to the matrix [dJ and may not be purged. 

VI . PARAMETERS : None 
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I. NAME: RBMG4 (Rigid-body matrix generator - phase 4) 

II. PURPOSE: RBMG4 computes the rigid-body mass matrix [mj from the 

matrix equation 

[m r ] = [M rr ] + [d] T [M, r ] + [MJl r ] T [D] + [d] T [m U ] [d] (1) 

III. DMAP CALLING SEQUENCE : 

RBMG4 DM,MLL,MLR,MRR/MR $ 

IV. INPUT DATA BL0CKS : 

DM Rigid-body transformation matrix 

MLL Partition of mass matrix; & set 

MLR Partition of mass matrix 

MRR Partition of mass matrix; r set 

No input data block may be purged. The DM data block corresponds to the 
matrix £d! in equation (1) . 

V. 0UTPUT DATA BL0CKS : 

MR Rigid-body mass matrix; r set 

VI . PARAMETERS : None 
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I. NAME: READ 


(Real eigenvalue analysis) 


II. 


III. 


IV. 


PURP0SE : To solve the equation 


[k] - X [m](u} = 0 

for eigenvalues X and their associated eigenvectors. 

DMAP CALLING SEQUENCE : 

j,MR,DM, EED , USET , C ASECC/LAMA , PHI A , MI ,0EIGS/V,N , 
P0RMAT/V,N,NEIGVS/V,N,NSKIP $ 

INPUT DATA BL0CKS : 


f KDAAM 

^ ^'(maa 


KAA 

KDAAM 


Partition of stiffness matrix; a set 

Negative of partition of differential stiffness matrix Kg a ; 
a set L J 


MAA Partition of mass matrix; a set 

MR Rigid-body mass matrix; r set 

DM Rigid-body transformation matrix 

EED Eigenvalue extraction data 

USET Displacement set definitions table 

CASECC Case control data table 

KAA must be present. 

MR may or may not be present. 

DM and USET must be present if MR is present. 
EED and CASECC must be present. 

In buckling analysis, MAA = -KDAA. 
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V. 0UTPUT DATA BL0CKS ; 


LAMA Real eigenvalue table 

PHIA Eigenvectors matrix that gives the eigenvectors in the a set 

MI Modal mass matrix 

0EIGS Real eigenvalue summary table 

LAMA and PHIA may also be input data blocks if the append mode is being 
used. 

VI. PARAMETERS ; 

P0RMAT Input; BCD; no default. If F0RMAT / M0DES , READ will 

solve a buckling problem ^i.e., M — k]^u} = 0^ by using 

El GB data cards where M is the negative of the differential 
stiffness matrix. 

NEIGVS Output; integer; no default. NEIGVS is the number of eigen- 

values found. If none were found, NEIGVS = -1. 

NSKIP Input; integer; Default value = 1. The method used by READ 

is taken from the NSKIP record of CASECC. 
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I. NAME: SCE1 (Single-point constraint eliminator) 

II. PURP0SE : To reduce the n set matrices to f set matrices by 

removing the single-point constraints. 

III. DMAP CALLING SEQUENCE: 



'*“■ ° set - {s n }'™ n ' b,m ' ■MsrMsr Msr} 

K4FF / $ 

IV. INPUT DATA BL0CKS : 

USET Displacement set definitions table 

KDNN Partition of differential stiffness matrix; n set 

KNN Partition of stiffness matrix; n set 

mnn Partition of mass matrix; n set 

BNN Partition of damping matrix; n set 

K4NN Partition of the structural damping matrix; n set 

USET cannot be purged. 

KNN, MNN, BNN, and K4NN can be purged. 

At least one degree of freedom must belong to the f and s sets. 

V. 0UTPUT DATA BL0CKS : 

KDFF Partition of differential stiffness matrix after single-point 

constraints have been removed; f set 

KFF Partition of stiffness matrix after single-point constraints 

have been removed; f set 

KDFS Partition of differential stiffness matrix after single-point 

constraints have been removed 

KFS Partition of stiffness matrix after single-point constraints 

have been removed 
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KDSS 


Partition of differential stiffness matrix after single-point 
constraints have been removed; s set 

KSS Partition of stiffness matrix after single-point constraints 

have been removed; s set 

MFF Partition of mass matrix after single-point constraints have 

been removed; f set 

BFF Partition of damping matrix after single-point constraints 

have been removed; f set 

K4FF Partition of structural damping matrix with single-point 

constraints removed; f set 

VI. PARAMETERS: None 
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I. NAME: SDR1 


(Stress data recovery - phase 1) 


II. PURP0SE : The SDRl module utilizes solution vectors to produce dis- 

placements, eigenvectors, velocities, accelerations, applied loads, and 
reaction loads. The vectors input to SDRl are in the form of packed 
matrices, with each column a solution vector for a different subcase, 
either eigenvalue or load. The row position of each term in a vector 
corresponds to a degree of freedom in a unique displacement set. The 
relative position of the term must be converted to a relative position 
in the vector, which includes all displacement components in the system. 
The dependent components of the displacement vector are recovered and 
merged to produce a complete vector describing all degrees of freedom 
in the structural or dynamics model. In the static analysis, SDRl col- 
lects solutions for each boundary condition onto a single file, which 
is convenient for the solution of symmetry problems. 

III. DMAP CALLING SEQUENCE : 

SDRl USET,PG,PHIA,U00V,YS,G0,GM,PS,KFS,KSS,QR/PHIG,PGG, 

QG/V,N, APPEND/ V,N,F0RMAT $ 

IV. INPUT DATA BL0CKS : 

USET Displacement set definition table 

PG Static load vector matrix giving static loads; g set 

PHIA Partition of the displacement vector matrix giving displace- 

ments in the & set (d set for transient response) 

U00V Partition of the displacement vector matrix giving displace- 

ments in the o set 

YS Constrained displacements; s set 

G0 Structural matrix partitioning transformation matrix 

GM Rigid-body transformation matrix 

PS Partition of load vector matrix giving loads in s set 

KFS Partition of stiffness matrix after single-point constraints 

have been removed 

KSS Partition of stiffness matrix after single-point constraints 

have been removed; s set 

QR Determinant support forces matrix; r set 
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The first input block must always be present. 

The second input block may or may not be present. 

The third input block must always be present. 

The fourth input block must be present unless the o set is null or 
F0RMAT = DYNAMICS (see section labeled "Parameters") . 

The fifth input block may or may not be present. 

The sixth input block must be present unless the o set is null. 

The seventh input block must be present unless the m set is null. 

The eighth input block may or may not be present. 

The ninth input block must be present unless the s set or the third 
output block is not present. 

The tenth input block must be present unless the fifth input block is 
absent, the s set is null, or the third output block is not present. 

The eleventh input block may or may not be present. 

V. 0UTPUT DATA BL0CKS ; 

PHIG Displacement vector matrix giving displacements in the g set 

PGG Static load vector appended to include all boundary conditions 

g set 

QG Single-point constraint forces and determinate support forces 

matrix; g set 

VI. PARAMETERS ; 

APPEND Input; integer; no default 

P0RMAT Input; BCD; no default. Format indicates the problem type; 

STATICS Statics type problem 

REIGEN Real eigenvalue problem 

DYNAMICS Dynamic problem 
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I. NAME: SDR 2 


(Stress data recovery - phase 2) 


II. PURP0SE: The SDR2 module processes the output requests for forces of 

single-point constraint, loads, point displacements, point velocities, 
point accelerations, element stresses, and element forces and formats 
the output data blocks with these final output results for direct out- 
putting by the output file processor (0FP) module or input to the 
S0RT2 processor (SDR3) module and then the XY-output modules (XYTRAN 
and XYPL0T) . 

III. DMAP CALLING SEQUENCE : 


SDR 2 C ASECC , C STM ,MPT,DIT, j ,SIL,EDT, 

fpccTl f uGv A 

BGPDT , < ~~~ ),< QG ),{ UGV1 > ,EST,YXCDB,PGG / 

I I IqbgJ IphigJ 


0PG1,0QG1, 


Llama j 

( 0PHIG 1 


\0UGV1 / 


,0ES1,0EF1,PPHIG / 


C,N, 


f STATICS^ 

J REIGEN v 
\ BLK0 


Lblki 


/ 


/V,N,N0S0RT2 


$ 


IV. INPUT DATA BL0CKS : 

CASECC Case control data table 

CSTM Coordinate system transformation matrices 

MPT Material property table 

DIT Direct input tables 

EQEXIN Equivalence between external grid or scalar numbers and 

internal numbers 

EQDYN Equivalence between external points and scalar index values 

SIL Scalar index list 

EDT Element deformation table 

BGPDT Basic grid-point definition table 
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PGG Static load vector appended to include all boundary conditions 

PGVl Matrix of successive sums of incremental load vectors 

T0L Table of output times 

LAMA Real eigenvalue table 

QG Single-point constraint forces and determinant support forces 

matrix 

QBG Single-point forces of constraint matrix for differential 

stiffness; g set 

QG1 Matrix of successive sums of incremental vectors of single- 

point constraint forces 

UGV Displacement vector matrix giving displacements in the g set 

UGVl Matrix of successive sums of incremental displacement vectors 

PHIG Eigenvector matrix giving eigenvectors 

EST Element summary table 

XYCDB XY case control data block 

If the first input data block is purged, it is a fatal error. This data 
block is called case control in this module functional description. 

The CSTM may be purged if no coordinate systems are referenced, or if 
stresses and/or forces are not requested. 

The MPT may be purged if no stress or force requests are present. 

The DIT may be purged if no stress or force requests are present, or if no 
temperature dependent materials are referenced. 

The second record of EQEXIN must exist if a request exists for any loads, 
forces of single-point constraint, displacements, velocities, accelera- 
tions, or plots. 

SIL may be purged if no stress or force requests exist or if there are no 
extra points and no plots. (The second record is used by SDR2.) 

The EDT may be purged if there are no element requests for forces or 
stresses, or if there are no enforced element deformations in the 
problem. 

The BGPDT may be purged if the problem is in basic coordinates and no ele- 
ment requests for stresses or forces exist. No plots will result however. 
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LAMA may not be purged in an eigenvalue problem. 

If input data block 11 (QG) is purged, forces of single-point constraint 
requests are ignored. 

If input data block 12 (UGV or UGV1, etc.) is purged, SDR2 will process 
only loads and forces of single-point constraint requests. 

If the EST or ESTIL is purged, element stresses and force requests are 
ignored. 

The XYCDB may be purged. 

V. 0UTPUT DATA BL0CKS : 

0PG1 Output load vector requests 

0QG1 Output forces of single-point constraint requests 

0UGV1 Output displacement vector requests 

0PHIG Output eigenvector requests 

0ES1 Output element stress requests 

0EF1 Output element force requests 

PPHIG Translation components of the displacement vector rotated to 

basic coordinates 

Output data blocks purged will result in output requests to those data 
blocks not being processed. 


VI. PARAMETERS: 


Name Approach code 

STATICS BCD constant indicating a statics solution 1 

REIGEN BCD constant indicating a real eigenvalue 2 

solution 

BCD constant indicating the statics phase of a 
buckling solution 7 

BCD constant indicating the final phase of a 

buckling solution 8 


N0S0RT2 Integer; output; set to 0 if there are no S0RT2 
requests or requirements; set to 1 otherwise 

The approach code is placed in the output data blocks. 


174 


I . NAME : SMP1 


(Structural matrix partitioner - phase 1) 


II. PURP0SE : . SMP1 partitions [ K ffJ into (^K a aJ» [ K oaJ» and [ K ooJ • 

The matrix equation £k 00 J |g 0 J = -jjCqj is solved for £g 0 ] . [^ K ff^| i- s 

then reduced by the matrix equation [ K aaJ = [^Kaa] + [ K oal M • 

If [ M ffj] i- s not purged, it is reduced by the equation 

[«aa] = [Saa] + M* |>oa] + M T [ G o] + [ G o] T [*oo] [<5o] • 


III. DMAP CALLING SEQUENCE ; 

SMP1 USET,KFF,MFF/G0,KAA,K00,L00,MAA,M00,M0A / $ 

IV. INPUT DATA BL0CKS ; 

USET Displacement set definitions table 

KFF Partition of stiffness matrix; f set 

MFF Partition of mass matrix; f set 

MFF may be purged. 

V. 0UTPUT DATA BL0CKS : 

G0 Structural matrix partitioning transformation matrix 

KAA Partition of stiffness matrix; a set 

K00 Partition of stiffness matrix; o set 

L00 Lower triangular factor of K00B; o set 

MAA Partition of mass matrix; a set 

M00 Partition of mass matrix; a set 

M0A Partition of mass matrix 

U00 and L00 are not standard-form matrices. Their format is 
compatible only for input to subroutine FBS . 

MAA, M00, or M0A may be purged only if MFF is purged. 

VI. PARAMETERS; None 
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I. NAME: SMP2 (Structural matrix partitioner - phase 2) 

II. PURP0SE : To perform the following matrix operations: 



III. DMAP CALLING SEQUENCE : 

SMP2 USET f G0,KDFF/KDAA / $ 

IV. INPUT DATA BL0CKS : 

USET Displacement set definitions table 

G0 Structural matrix partitioning transformation matrix 

KDFF Partition of differential stiffness matrix; f set 

V. 0UTPUT DATA BL0CKS : 

KDAA Partition of differential stiffness matrix; a set 

VI. PARAMETERS: None 
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I. NAME: SSG1 


(Static solution generator - phase 1) 


II. PURP0SE : To compute the static loads, thermal loads, and enforced 

deformation loads selected by the user. 

III. DMAP CALLING SEQUENCE : 

SSG1 SLT , BGPDT , C STM , S I L , EST , MPT , EDT , MGG , C ASECC/PG/ V , N , LUSET/ V , N , NSK I P $ 

IV. INPUT DATA BL0CKS : 

SLT Static loads table 

BGPDT Basic grid-point definition table 

CSTM Coordinate system transformation matrices 

SIL Scalar index list 

EST Element summary table 

MPT Material property table 

EDT Element deformation table 

MGG Partition of mass matrix; g set 

CASECC Case control data table 

SLT, BGPDT, and SIL cannot be purged if external static loads or L0AD 
cards are selected in CASECC. 

CSTM cannot be purged if any grid point or load references a coordinate 
system other than basic. 

CASECC cannot be purged. 

V. 0UTPUT DATA BL0CKS : 

.PG Static load vector matrix giving static loads; g set 

PG can never be purged. 

VI. PARAMETERS : 

LUSET Input; integer; no default. LUSET defines length of PG. 

NSKIP Input; integer; no default. One static load is built for 

each CASECC record starting with NSKIP + 1, provided the 
boundary conditions are constant. 
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I. NAME : SSG2 (Static solution generator - phase 2) 

II. PURP0SE : To reduce the applied load vectors and enforced displacements 
into equivalent load vectors applied to the independent displacement 
coordinate sets. 

III. DMAP CALLING SEQUENCE : 

SSG2 USET,YS,KFS,G0,DM,PG/QR,P0,PS,PL / $ 

IV. INPUT DATA BL0CKS : 

USET Displacement set definitions table 

YS Constrained displacements; s set 

KFS Partition of stiffness matrix after single-point constraints 

have been removed 

G0 Structural matrix partitioning transformation matrix 

DM Rigid-body transformation matrix 

PG Static load vector matrix giving static loads; g set 

USET must be present. 

YS must be present if s set is not null. 

KFS must be present if s set is not null. 

G0 must be present if o set is not null. 

DM must be present if r set is not null. 

PG must be present. 

V. 0UTPUT DATA BL0CKS : 

QR Determinate support forces matrix; r set 

P0 Partition of the load vector matrix giving loads due to 

static force; o set 
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PS Partition of load vector matrix giving loads in s set 

PL Partition of load vector matrix giving static loads on 

H set 

QR must be present if r set is nonnull. 

P 0 must be present if o set is nonnull. 

PS must be present if s set is nonnull. 

PL must be present if £ set is nonnull. 

If the problem has no sets, SSG2 will return. 

VI. PARAMETERS: None 
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I. NAME: SSG3 


(Static solution generator - phase 3) 


II. PURP0SE : To perform the actual static solutions. A displacement 

solution is produced for each applied load and tested for possible 
matrix decomposition errors. 

III. DMAP CALLING SEQUENCE: 



L00 

Lower triangular factor 

of K00; o 

set 

K00 

Partition of stiffness 

matrix; o 

set 

P0 

Partition of the load vector matrix 
static forces; o set 

giving loads due to 

ULL, LLL, 

and PL must be present. 




KLL can be purged if RULV is purged. 

U00, L00, and P0 can be purged if 0MIT < 0. 

K00 can be purged if 0MIT < 0 or RU0V is purged. 

V. 0UTPUT DATA BL0CKS : 

ULV Partition of the displacement vector matrix giving displace- 

ments; H set 

U00V Partition of the displacement vector matrix giving displace- 

ments; o set 
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RULV 


Residual vector matrix for 


RU0V Residual vector matrix for 

ULV must be present. 

U 00V can be purged if 0MIT < 0. 

RU-LV and RU0V can be purged. 

[ru 


[RU0V] = 

[K00] QJ00V] - [P0] . 

PARAMETERS : 

0MIT 

Input; integer; no default 
o-set matrices. 

IRES 

Not used. 

NSKIP 

Input; integer; Default = 
for diagnostic printout. 

EPS I 

Output; real; Default = 0 
error I e of last vector. 


LV] = [KLL][ULV] - [PL]. 


H set 


o set 


0MIT controls operations on 


Identifies load vector numbers 


Value of total residual 
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I.. NAME: TA1 


(Table assembler) 


II. PURP0SE : TA1 processes element connection data, element property 

data, and geometry. These data are merged in two different sorts for 
efficiency in later processing. The element summary table contains 
connection, property, and geometry data for each element. The element 
connection and properties table contains, for each grid or scalar point 
in the irjodel, connection, property, and geometry data for all elements 
connected to the point. Element temperature data are also included -in 
the EST where applicable. The grid-point element connection table con- 
tains, for each grid point in the model, connection data for all elements 
connected to the point. 

III. DMAP CALLING SEQUENCE : 

TA1 ECT,EPT,BGPDT,SIL,GPDT,CSTM / EST, ,GEI ,GPECT, / V,N,LUSET / 
V,N,N0SIMP / C,N ,1 / V,N,N0GENL / V,N,GENEL $ 

IV. INPUT DATA BL0CKS : 

ECT Element connection table 

EPT Element properties table 

BGPDT Basic grid-point definition table 

SIL Scalar index list 

GPDT Grid-point definition table 

CSTM Coordinate system transformation matrices 

The ECT, BGPDT, and SIL data blocks may not be purged. 

V. 0UTPUT DATA BL0CKS : 

EST Element summary table 

GEI General element input 

GPECT Grid-point element connection table 
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VI. PARAMETERS: 


LUSET 

N0SIMP 

N0GENL 

GENEL 


Input; integer; no default. Degrees of freedom in the 
g displacement set 

Output; integer; no default. Number of elements in the 
model (exclusive of general elements) or -1 if no elements. 

Output; integer; -1 

Output; integer; no default. GENEL = -N0GENL. 
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5.4 Matrix Operation Modules 


Module Basic operation Page 

ADD [x] * a [a] + b[B] 185 

DEC0MP [a] - > [l] [u] 186 

PBS [x] = ([lIEu ]) -1 [b] 188 

(~ All j A12~ 

MERGE [a] < = 1 190 

A21 J A22 

MPYAD [x] = [a] [b] + [c] 192 

[a11 | A12~ 

PARTN [a] = > f 194 

[_A21 J A22_ 

S0LVE [x] = [a] _1 [b] 199 

TRNSP [x] = [A] T 201 
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I . NAME : ADD 


(Matrix add) 


II. PURPOSE : To compute [x] = a [a] + b[V] where a and b are scale 

factors. 

III. DMAP CALLING SEQUENCE ; 

ADD A, 6 / X / C,Y,ALPHA=(1. 0,2.0) / C,Y,BETA= (3. 0,4.0) $ 

IV. INPUT DATA BLOCKS : 

A Any matrix 

B Any matrix 

[a] and/or [b] may be purged, in which case the corresponding term in 
the matrix sum will be assumed null. The input data blocks must be 
unique. 

V. OUTPUT DATA BLOCKS : 

X Matrix 

The type of [x] is maximum of the types [a] » [b] , a, and b. The 
size of [x] is the size of [a] if [a] is present. Otherwise, it 
is that of [bJ . 

[x] cannot be purged. 

VI. PARAMETERS : 

ALPHA Input; complex; single precision; Default = (1.0, 0.0). 

This is a, the scalar multiplier for [a] . 

BETA Input; complex; single precision; Default = (1.0, 0.0) . 

This is b, the scalar multiplier for [bJ . 

If Im (ALPHA) or Im(BETA) = 0.0, the corresponding parameter will be 
considered real. 
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I. NAME ; DEC0MP (Matrix decomposition) 

II. PURPOSE: To decompose a square matrix [a] into upper and lower 

triangular factors [u] and [l] . 

[A] = > [L][U] 

III. DMAP CALLING SEQUENCE ; 

DEC0MP A / L,U, / V,Y,KSYM / V,Y,CH0LSKY / V,N,MINDIAG / V,N ,DET / 
V,N,P0WER / V,N,SING $ 

IV. INPUT DATA BL0CKS : 

A Square matrix 

V. OUTPUT DATA BL0CKS ; 

L Nonstandard lower triangular factor of [a] 

U Nonstandard upper triangular factor of [a] 

VI. PARAMETE RS; 

KSYM 

CH0LSKY 

MINDIAG 
DET 
P0WER 

SING 


Input; integer; Default = 1. If 1, use symmetric decomposi- 
tion; if 0, use unsymmetric decomposition. 

Input; integer; Default =0. If 1, use Cholesky decomposi- 
tion - matrix must be positive definite; if 0, do not use 
Cholesky decomposition. 

Output; real; double precision; Default = 0.0D0. The minimum 
diagonal term of [u] . 

Output; complex; single precision; Default = 0.0D0. The 
scaled value of the determinant of [a] . 

Output; integer; Default =0. Integer P0WER of 10 by 
which DET should be multiplied to obtain the determinant 
of [a] . 

Output; integer; Default = 0. SING is set to -1 if [a] 
is singular. 
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VII. REMARKS: 


1. Nonstandard triangular factor matrix data blocks are used to improve 
the efficiency of the back substitution process in module FBS. 

2. The matrix manipulating utility modules should be cautiously employed 
when dealing with nonstandard matrix data blocks. 

3. If the CH0LSKY option is selected, the resulting factor (which will 
be written as [u] ) cannot be input to FBS. 

4. Variable parameters output from functional modules must be saved if 
they are to be subsequently used. Replace V with S in parameter 
string to save parameter. 


187 



I 


NAME: FBS 


(Matrix forward-backward substitution) 


II. PURP0SE : To solve the matrix equation [l] [u] [x] = + [b] where [h] 

and [u] are the lower and upper triangular factors of a matrix 
previously obtained by means of functional module DEC0MP. 

III. DMAP CALLING SEQUENCE : 

FBS L,U,B / X / V,Y,SYM / V,Y,SIGN / V,Y,PREC / V,Y,TYPE $ 

IV. INPUT DATA BL0CKS ; 

L Nonstandard lower triangular factor 


U Nonstandard upper triangular factor 

B Rectangular matrix 

V. 0UTPUT DATA BL0CKS : 

X Rectangular matrix having the same dimensions as [bJ 


VI. PARAMETERS: 


SYM Input; integer; Default = 0 




1 matrix [l] [uj is symmetric 

-1 matrix [l] [u] is unsymmetric 

0 reset to 1 or -1, depending 
upon [uj being purged or 
not, respectively 


Output; integer 


SYM used 


SIGN Input; integer; Default = 1 


PREC Input; integer; Default = 0 


Output; integer 



solve [l] [u] [x] = [b] 
solve [l] [u] [x] = -[b] 


1 use single-precision arithmetic 

2 use double-precision arithmetic 

0 logical choice based on input 

^ and system precision flag 

Precision used 


188 





output type of matrix [x] is 
real single precision 

output type of matrix [x] is 
real double precision 

output type of matrix [x] is 
complex single precision 

output type of matrix [x] is 
complex double precision 

logical choice based on input 
matrices 

Output; integer TYPE used 

VII. REMARKS : 

1. Nonstandard triangular factor matrix data blocks are used to improve 
the efficiency of the back substitution process. 

2. The matrix manipulating utility modules should be cautiously employed 
when dealing with nonstandard matrix data blocks. 
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I. NAME: MERGE (Matrix merge) 

II. PURP0SE : To form the matrix [a] from its partitions: 


All 

l 

» 

1 

A12 = 0 

A21 

t 

1 

1 

A22 ^ 0 

= 0 


* o 


III. DMAP CALLING SEQUENCE : 

MERGE All, A21, A12 ,A22 ,CP,RP / A / V,Y,SYM / V,Y,TYPE / 

V,Y,P0RM $ 

IV. INPUT DATA BL0CKS : 

All Matrix 

A21 Matrix 

A12 Matrix 

A22 Matrix 

CP Column partitioning vector; single-precision column vector. 

(See the following comments.) 

RP Row partitioning vector; single-precision column vector. 

(See the following comments.) 

Any or all of [All] , [a 12] , |~A.2l] , and [a 22] can be purged. When all 

are purged, it implies [a] = [o] . 

(rp) and {cp} may not both be purged. 

See Remarks for meaning when either {rp} or {CP} is purged. 

[All] , [A12] , [A2l] , and [a 22] must be unique matrices. 


A Merged matrix from [All] , [A12] , [A2l] , and [A22] 

[a] cannot be purged. 


190 



VI. PARAMETERS: 


SYM 

Input; 

integer; 

Default = 

-1. SYM < 0; 

{CP} is 

used for 


{RP}. 

SYM Z 0; 

{CP} and 

{RP} are distinct. 


TYPE 

Input; 

integer; 

Default = 

0 . Type of 

[a] (see 

remark (4) ) . 

P0RM 

Input; 

integer; 

Default = 

0 . Form of 

[a] (see 

remark (3) ) . 

VII. REMARKS: 








1. MERGE is the inverse of PARTN in the sense that if [All] , [A12] , 

[A2l] , and [A22] were produced by PARTN using {RP}, {cp}, F0RM, 

SYM, and TYPE from [a] , MERGE will produce [a] . See PARTN for options 
on {RP}, {CP}, and SYM. 

2. All input data blocks must be distinct. 

3. When F0RM = 0, a compatible matrix [a] results as shown in the 
following table: 



Form of A22 

Square 

Rectangular 

Symmetric 

Form 

of 

All 

Square 

Square 

Rectangular 

Rectangular 

Rectangular 

Rectangular 

Rectangular 

Rectangular 

Symmetric 

Rectangular 

Rectangular 

Symmetric 


4. If TYPE = 0, the type of the output matrix will be the maximum type 
of [All] , [A12] , [A2l] , and [a22] . 
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NAME: MPYAD 


(Matrix multiply and add) 


II. PURP0SE : MPYAD performs the multiplication of two matrices and, 

optionally, addition of a third matrix to the product. By means of param- 
eters, the user may compute ±[a] [b] ± [c] = £xj , or *[a] t [b] ± [c] « [x]. 

III. DMAP CALLING SEQUENCE : 

MPYAD A,B,C / X / V,N,T / V,N,SIGNAB / V,N,SIGNC / V,N,PREC $ 

IV. INPUT DATA BL0CKS : 

A Left-hand matrix in the matrix product [a| [b] 

B Right-hand matrix in the matrix product [a] [b] 

C Matrix to be added to [a] [b] 

If no matrix is to be added, [c] must be purged. 

[a] , [b] , and [c] must be physically different data blocks. 

[A] and [B] must not be purged. 

V. 0UTPUT DATA BL0CKS : 

X Matrix resulting from the MPYAD operation 

[x] may not be purged. 


VI. PARAMETERS : 

T Integer; input; no default 


SIGNAB Integer; input; Default = 1 


SIGNC Integer; input; Default = 1 


T 


SIGNAB 


SIGNC 


r 



1 perform [a] T [b] 
0 perform [a] [b] 


+1 

perform 

[a] [b] 

0 

omit 


[b] 

-1 

perform 

-[a] [b] 

+1 

add 

[c] 


0 

omit 

[c] 


-1 

subtract 

[c] 
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PREC 


Integer; input; Default = 0 


1 elements of [x] 
will be output 
in single 
precision 


I 2 elements of [xj 
PREC = / will be output 

] in double 

precision 


0 logical choice 
based on input 
and system 
precision flag 


VII. EXAMPLES; 


1 . 


2 . 


3. 


H = W[b] + [c] ( [x] see "Output Data Blocks") 

MPYAD A ,B ,C / X / C,N,0 $ 

[x] = [a] T [b] - [c] ( [x] single precision) 

MPYAD A ,B ,C / X / C,N,1 / C,N,1 / C,N,-1 / C,N,1 $ 
H--MM (W see "Output Data Blocks") 

MPYAD A ,B , / X / C ,N , 0 / C,N,-1 $ 


The precision of [x] is determined from the input matrices in that, if 
any one of these matrices is specified as double precision, then QxJ 
will also be double precision. If the precision for the input matrices 
is not specified, the precision of the system flag will be used. 



I. NAME: PARTN (Matrix partition) 

II. PURP0SE ; To partition [a] into [All] , [A12] , [A2l] , and \ a 22 ] : 




t 

RP 

* 



CP 




All 

1 

1 

1 

A12 

A21 

1 

1 

1 

A22 

= 0 


* o 


= 0 
t 0 


III. DMAP CALLING SEQUENCE ; 

PARTN A,CP,RP / A11,A21,A12,A22 / V,Y,SYM / V,Y,TYPE / V,Y,F11 / 

V,Y,P21 / V,Y ,F12 / V,Y,F22 $ 

IV. INPUT DATA BL0CKS : 

A Matrix to be partitioned 

CP Column partitioning vector; single-precision column vector 

RP Row partitioning vector; single-precision column vector 

V. 0UTPUT DATA BL0CKS : 

All Upper left partition of [a] 

A21 Lower left partition of [a] 

A12 Upper right partition of [a] 

A22 Lower right partition of [a] 

Any or all output data blocks may be purged. 

For size of outputs, see the METH0D section that follows. 

VI. PARAMETERS : 

SYM Input; integer; Default = -1. SYM chooses between a symmetric 

partition and one unsymmetric partition. If SYM <0, {CP} 
is used as {rp}. If SYM ^ 0, {CP} and {RP} are distinct. 

TYPE Input; integer; Default =0. Type of output matrices (see 

remark 8) . 



Fll 

Input; 

integer; 

Default = 0. 

Form of 

[All] 

P21 

Input; 

integer ; 

Default = 0. 

Form of 

[A2l] 

F12 

Input; 

integer ; 

Default = 0. 

Form of 

[A12] 

F22 

Input; 

integer; 

Default = 0. 

Form of 

[A22] 


VII. METHOD : 

Let NC = number of nonzero terms in {CP} 

Let NR = number of nonzero terms in {rp} 

Let NR0WA = number of rows in [a] 

Let NO0LA = number of columns in [a] 

Case 1 {cp} purged and SYM i 0 

[All] is an (NR0WA - NR) by NC0LA matrix 

[A2l] is an NR by NC0LA matrix 

[A12] is not written 

[A22] is not written 

Case 2 {rp} purged and SYM = 0 

[All] is an NR0WA by (NC0LA - NC) matrix 

[A2l] is not written 

[A12] is an NR0WA by NC matrix 

[A22] is not written 

Case 3 SYM < 0 ({RP} must be purged) 

[All] is an (NR0WA - NC) by {NO0LA - NC) matrix 
[A2l] is an NC by {NO0LA - NC) matrix 
[A12] is an (NR0WA - NC) by NC matrix 
[A22] is an NC by NC matrix 


See Remark 7 


All [ A12 
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VIII. 


Case 4 

[All] 

[A21] 

[A12] 

[A22] 


Neither {CP} nor {rp} is purged and SYM > 0 
is an (NR0WA - NR) by (NO0LA - NC) matrix 


is 

an NR by (NO0LA 

- NC) matrix 

H - 

All 

J A12 
1 

is 

an (NR0WA - NR) 

by NC matrix 

A21 

! A22 


is an NR by NC matrix 


REMARKS: 


1. If [A] is purged, PARTN will cause all output data blocks to be 
purged. 

2. If {CP} is purged, [a] is partitioned as follows: 




All 

A21 

— 


3. If {RP} is purged and SYM S 0, 




is partitioned as follows: 



[A] = 

> 

[mi j 

A12 


If {rp} 

is purged and 

SYM 

< 0, [a] is partitioned as follows: 


[A] = 

> 

All J 

A12~~ 




A21 j 

A22 


where {cp} is 

used as 

both 

the row and column partitioner. 

{RP} and 

{cp} 

cannot 

both 

be purged. 


[A] = 


~A11 ! 

I 

A12~ 




A21 J 

A22 



Let [a] be an m by n order matrix. 

Let {CP} be an n order row matrix containing q zero elements. 

Let {rp} be an m order column vector containing p zero elements. 

Partition of [All] will consist of all elements A^j of [a] for 
which CP j = RPi =0 in the same order as they appear in [a] . 
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IX. 


Partition [a12] will consist of all elements A^j of, [a] for 

which CPj ? 0 and RP^ =0 in the same order as they appear 

in [a] . 

Partition [A2l] will consist of all elements A^j of w for 

which CPj = 0 and RP^ 0 in the same order as they appear 

in [a] . 

Partition [a22] will consist of all elements A^j of [a] for 

which CPj = 0 and RP^ / 0 in the same order as they appear 

in [a] . 

7. If the defaults for Fll, F21, F12, or F22 are used, the corresponding 
matrix will be output with a compatible form entered in the trailer. 


8. If TYPE = 0, the type of the output matrices will be the type of the 
input matrix [a] . 

EXAMPLES : 


[A] = 


{cp}. 

and 

{rp} 

be defined 

as follows: 


“1.0 

5.0 

2.0 

6.0 

3.0 

7.0 

4.0 

8.0 


«*> ■ (; : S) 

r o.o 
{rp} = ^ 0.0 

9.0 

10.0 

11.0 

12.0 


U:o/ 

1 1.0 


Then, the DMAP instruction 


PARTN A,CP,RP / All ,A21 , A12 , A22 / C,N,1 $ 


will create the real double-precision matrices 


[All] 

[A2l] 


2.0 
6.0 ' 


[ 10 . 0 ] , 


Fll = 2 
F21 = 1 


[A12] 

[A22] 



[9.0 


3.0 

7.0 


11.0 


4 . o] 

8 . Oj ' 

12 . 0 ] , 


F12 

F22 


2 

2 


2. If, in example 1, the DMAP instruction were written as 


PARTN A, CP, / A11,A21,A12,A22 / C,N,1 $ 
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the resulting matrices would be 


[All] - 

" 2.0“ 
6.0 

£Li 

11 

"1.0 3.0 4.0 

5.0 7.0 8.0 


10.0 


9.0 11.0 12.0 


[A2l] = Purged [a 22] = Purged 

If, in example 1, the DMAP instructions were written as 


PARTN A, ,RP / All , A21 , A12 , A22 / C,N,1 $ 
the resulting matrices would be 


r -1 fl.O 2.0 3.0 4.61 

L J |_5.0 6.0 7.0 8.0J 

Qa 12] = Purged 

[A2l] = [9.0 10.0 11.0 12.0] 

[a 2 2 ] = Purged 



I . NAME; S0LVE 


(Linear system solver) 

II. PURP0SE : To solve the matrix equation 

MM-±[b] 

III. DMAP CALLING SEQUENCE ; 

S0LVE A, B / X / V,Y,SYM / V,Y,SIGN / V,Y,PREC / V,Y,TYPE $ 

IV. INPUT DATA BL0CKS ; 

A ' Square, r^al, or complex matrix 

B Rectangular, real, or complex matrix (if purged, the identity 

matrix is assumed 

V. 0UTPUT DATA BL0CKS ; 

X A rectangular matrix 

A standard matrix trailer will be written, identifying [xj as a 
rectangular matrix with the same dimensions as [b] and the type 
specified. 

VI. PARAMETERS ; 

SYM Input; integer; Default = 

Output; integer 

SIGN Input; integer; Default = 

PREC Input; integer; Default = 

Output; integer 


^-1 use unsymmetric decomposition 

1 use symmetric decomposition 

0 logical choice based on input 
V matrices 

SYM used 


1 solve [a] [x] = [b] 
-1 solve [Aj[x] = -[b] 


0 logical choice based on input 

1 use single-precision arithmetic 

2 use double-precision arithmetic 
PREC used 
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r 


TYPE 


Input; integer; Default = 0 


0 logical choice based on input 

1 output type of matrix [x] is 
real single precision 

2 output type of matrix [x] is 
real double precision 

3 output type of matrix [x] is 
complex single precision 

4 output type of matrix [x] is 
complex double precision 

Output; integer TYPE used 

VII. METH0D : 

Depending on the SYM flag and the type of [a] , one of the subroutines 


SDC0MP or DEC0MP is called to form [a] = £l] [u] . 

FBS is then called to solve [l] [y] = ±[b] and [uj [[x] = [yJ , as 
appropriate. 
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I. NAME: TRNSP 


(Matrix transpose) 




II. PURP0SE : To form [a] T given [a] . 

III. DMAP CALLING SEQUENCE : 

TRNSP A/X $ 

IV. INPUT DATA BL0CKS ; 

A Any matrix data block 

If [a] is purged, TRNSP will cause [x] to be purged. 

V. 0UTPUT DATA BL0CKS : 

ft 

. X Matrix transpose of [a] 

[x] cannot be purged. 

VI. PARAMETERS : None 

VII. REMARKS : 

1. Transposition of large full matrices is very expensive and should be 
avoided if possible. 

2. TRNSP currently uses an algorithm that assumes the matrix is dense. 
This algorithm is extremely inefficient for sparse matrices. Sparse 
matrices should be transposed by using MPYAD. 
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5.5 Utility Modules 

Module Basic function Page 

C0PY Define a new data block as a physical copy 203 

of one already existing 

DIAGONAL Strip diagonal from matrix 204 

INPUTT2 Read data blocks from FORTRAN-written user 205 

tapes 

MATPRN Print matrices 207 

0UTPUT2 Write data blocks onto user tapes by means 208 

of FORTRAN » 

PARAM Manipulate parameter values 210 

PARAML Select parameters from a user input matrix 212 

or table 

PARAMR Perform specified arithmetic, logical, and 213 

conversion operations on real or complex 
parameters 

PRTPARM Print parameter values and DMAP error 215 

SCALAR Convert matrix element to parameter 216 

SETVAL Set parameter values 217 

SWITCH Interchange the data block names of two 218 

files 


Utility modules are an arbitrary subdivision of the functional modules and 
are used to output matrix and table data blocks and to manipulate parameters. 
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NAME; C0PY 


(Define new physical copy of existing data block) 


II. PCJRP0SE ; To generate a physical copy of a data block. 

III. D MAP CALLING SEQUENCE ; 

C0PY DBl / DB2 / PARAM $ 

HV. INPUT DATA BL0CKS ; 

DBl Any NASTRAN data block 

V. 0UTPUT DATA BL0CKS ; 

DB2 Any valid NASTRAN data block name 

VI. PARAMETERS ; 

PARAM If PARAM < 0, the copy will be performed - integer; input; 

no default 

VII. METH0D ; If PARAM i: 0 , a return is made; otherwise, a physical copy 
of the input data block is generated. 

VIII. REMARKS ; 

1. The input data block may not be purged. 


203 



I. NAME: DIAGONAL 


(Strip diagonal from matrix) 


II. PURPOSE: To remove the real part of the diagonal from a matrix, raise 

each term to a specified power, and output a column vector or square 
symmetric matrix. 

III. DMAP CALLING SEQUENCE : 

DIAGONAL A/B/C,Y,0PT=C0LUMN/V,Y,P0WER=1. $ 

IV. INPUT DATA BL0CKS : 

A Any square or diagonal matrix 

V. 0UTPUT DATA BL0CKS : 

B Either a real column vector or symmetric matrix containing 

the diagonal of A 

VI. PARAMETER S: 

0PT 


P0WER 

VII. REMARKS : 

1. The module checks for special cases of P0WER = 0., 0.5, 1.0, and 2. 

2. The precision of the output matrix matches the precision of the input 
matrix. 


Input; BCD; Default = C0LUMN 

= ' C0LUMN ' produces column vector output (labeled as a 
general rectangular matrix) 

= 'SQUARE' produces square matrix (labeled a symmetric 
matrix) 


Input; real, single precision; Default = 1. Exponent to 
which the real part of each diagonal element is raised. 
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I. NAME: IN PUTT 2 


(Reads user-written FORTRAN tapes) 


II. PURP0SE : Recovers up to five data blocks from a F0RTRAN-written user 

tape. This tape may be written either by a user-written F0RTRAN program 
or by the companion module 0UTPUT2. 

HI. DMAP CALLING SEQUENCE : 

INPUTT2 / DB1,DB2,DB3,DB4,DB5 / V,N,P1 / V,N,P2 / V,N,P3 $ 

IV. INPUT DATA BL0CKS : 

Input data blocks are not used in this module call statement. 

V. 0UTPUT DATA BL0CKS : 

DBi Data blocks which will be recovered from one of the NASTRAN 

FORTRAN tape files UT1, UT2 to UT5. Any or all of the out- 
put data blocks may be purged. Only nonpurged data blocks 
will be taken from the tape. The data blocks will be taken 
sequentially from the tape, starting from a position deter- 
mined by the value of the first parameter. Note that the 
output data block sequence A,B, , , is the same as ,A,,B, or 
, , ,A,B . 


VI. PARAMETERS : The meaning of the first parameter (PI) value is given in 

the table below. (The default value is 0.) 


PI value 

Meaning 

+n 

Skip forward n data blocks before reading. 

0 

Data blocks are read starting at the current position. 
The current position for the first use of a tape is at 
the label P3. Hence, P3 counts as one data block. 

-1 

Rewind before reading; position tape past label P3. 

-3 

Print data block names and then rewind before reading. 

-5 

Search user tape for first version of data block (DBi) 
requested. If any (DBi) are not found, fatal termina- 
tion occurs. 

-6 

Search user tape for final version of data block (DBi) 
requested. If any (DBi) are not found, fatal termina- 
tion occurs. 

-7 

Search user tape for first version of data block (DBi) 
requested. If any (DBi) are not found, warning message 
is written on the output file and run continues. 

-8 

Search user tape for final version of data block (DBi) 
requested. If any (DBi) are not found, warning message 
is written on the output file and run continues. 
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The second parameter P2 for this module is the F0RTRAN unit number from 
which the data blocks will be read. This unit is not required to be a 
physical tape. The allowable values for this parameter are highly machine 
and installation dependent. (The default value for P2 is 0.) 


User tape code 

F0RTRAN file name 

11 . 

UT1 

12 

UT2 

13 

UT3 

14 

UT4 

15 

UT5 


The third parameter P3 for this module is used as the F0RTRAN user tape 
label for NASTRAN identification. The label P3 is an alphanumeric variable 
of eight characters or less (the first character must be alphabetic) . The 
value of P3 must match a corresponding value on the NASTRAN user tape. 

The comparison of P3 with the value on the user tape is dependent on the 
value of Pi as shown in the table below. (The default value for P3 is 
XXXXXXXX . ) 


PI value 

Tape label checked 

+n 

No 

0 

No 

' -1 

Yes 

-3 

Yes (warning check) 

-5 

Yes 

-6 

Yes 

-7 

Yes 

-8 

Yes 
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NAME: MATPRN 


(General matrix printer) 


II. PURP0SE : To print general matrix data blocks. 

III. DMAP CALLING SEQUENCE : 

MATPRN Ml ,M2 ,M3 ,M4 ,M5 // $ 

IV. INPUT DATA BL0CKS : 

Mi Matrix data blocks, any of which may be purged 

V. 0UTPUT DATA BL0CKS : None 

VI. PARAMETERS : None 

VII. 0UTPUT : 

The nonzero band of each column of each input matrix data block is 
unpacked and printed in single precision. 

VIII. REMARKS : 

1. Any or all input data blocks can be purged. 

IX. EXAMPLES : 

1. MATPRN KGG , , , , // $ 


2. MATPRN 


KGG , PL , PG , BGG ,UPV // $ 



I. NAME: 0UTPUT2 


(Creates user-written F0RTRAN tapes) 


II. PURP0SE : Writes up to five data blocks and a user tape label onto a 

PpRTRAN-written user tape for subsequent use at a later date with the 
companion module INPUTT2. 0UTPUT2 is also used to position the user 
tape prior to writing the data blocks. Multiple calls are allowed. A 
message is written on the output file for each data block successfully 
written. The user is cautioned to be careful when positioning a user 
tape with 0UTPUT2 since he may inadvertently destroy information through 
improper positioning. Even though no data blocks are written, an E0F, 
which has the effect of destroying anything on the tape forward of the 
current position, will be written at the completion of each call. 

III. DMAP CALLING SEQUENCE : 

0UTPUT2 DB1 ,DB2 ,DB3 ,DB4 ,DB5 // V,N,Pl / V,N,P2 / V,N,P3 $ 

IV. INPUT DATA BL0CKS : 

DBi Any data block which the user desires to be written on one 

of the NASTRAN FORTRAN tape files UT1, UT2 to UT5. Any or 
all of the input data blocks may be purged. Only nonpurged 
data blocks will be placed on the tape. 

V. 0UTPUT DATA BL0CKS : None 

VI. PARAMETERS : 

The meaning of the first parameter PI value is given in the following 
table. (The default value is 0.) 


PI value 

Meaning 

+n 

Skip forward n data blocks before writing. 

0 

Data blocks are written starting at the current 
position. The current position for the first use 
of a tape is at the label P3. In this case, P3 
counts as one data block. 

-1 

Rewind before writing. 

-3 

Rewind tape; print data block names; and then 
write after the last data block on the tape. 

-9 

Write a final E0F on the tape. 


# 
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The second parameter P2 for this module is the F0RTRAN unit number, onto 
which the data blocks will be written. This unit is not required to be a 
physical tape. The allowable values for this parameter are highly machine 
or installation dependent. (The default value for P2 is 0.) 


User tape code 

F0RTRAN file name 

11 

UTl 

12 

UT2 

13 

UT3 

14 

UT4 

15 

UT5 


The third parameter P3 for this module is used to define the F0RTRAN user 
tape label. The label is used for NASTRAN identification. The label P3 is 
an alphanumeric variable of eight or less characters (the first character 
must be alphabetic) which is written on the user tape. The writing of this 
label is dependent on the value of PI as follows (the default value for 
P3 is XXXXXXXX) : 


PI value 

Table label written 

+n 

No 

0 

No 

-1 

Yes 

-3 

No (warning check) 

-9 

No 


The user may specify the third parameter as V,Y,name. The user then must 
also include a PARAM card in the bulk data deck to set a value for name. 

VII. REMARKS ; 

1. The primary objective of this module is to write tapes using simple 
FORTRAN so that a user can read NASTRAN generated data with his own 
program. Similarly, matrices can be generated with externally written 
simple FORTRAN programs and then read by module INPUTT2. To do 
this, the format of the information on these tapes must be adhered 
to. The basic idea is that a one-word logical KEY record is written 
which indicates what follows. A zero value indicates an end-of-file 
condition. A negative value indicates the end of a record where the 
absolute value is the record number. A positive value indicates that 
the next record consists of that many words of data. 
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I. NAME: PARAM 


(Parameter processor) 


II. PURPOSE: To perform specified operations on integer DMAP parameters. 

III. DMAP CALLING SEQUENCE : 

PARAM // C,N f 0P / V,N ,0UT / V,N,IN1 / V,N,IN2 $ 

IV. INPUT DATA BL0CKS: None 


V. 0UTPUT DATA BL0CKS : None 


VI. PARAMETERS: 


BCD operation code from the table below (input; no default); 
0P is usually specified as a "C,N" parameter 

Parameter which is being generated by PARAM (output; 
integer; Default = 1) 

Name of a parameter whose value is used to compute 0UT 
according to the table that follows (input; integer; 

Default = 1) 

Name of a parameter whose value is used to compute 0UT 
according to the table that follows (input; integer; 

Default = 1) 


VII. REMARKS: 


1. The following table gives the results for 0UT as a function of 0P f 
INI, and IN2: 
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Special operations” 

0P 

0UT 

N0P 

0UT (unchanged) 

KL0CK 

Current CPU time in integer seconds from the 
start of the job 

TMT0G0 

Remaining CPU time in integer seconds based 
on the TIME card 

PREC 

Returns the currently requested precision; 
2 = D.P. , 1 = S.P. 


PARAM does its own save; therefore, an s need not replace the V in the 
calling sequence. 

VIII. EXAMPLES ; 

PARAM // C,N,N0T / V,N,XYZ / V,N,N0XYZ $ - this example changes 
the sense of parameter N0XYZ which may be useful for the C0ND or 
EQUIV instructions. Alternatively, XYZ could have been set in the 
following ways: 

PARAM // C,N,MPY / V,N,XYZ / V,N,N0XYZ / C,N,-1 $ 

PARAM // C , N , IMPL / V,N,ABC / V,N,DEF / V,N,GHI $ 

PARAM // C,N,N0P / V,N,P1=5 $ - this example sets the value of 
parameters PI to P5 and saves it for subsequent use. 
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I. NAME: PARAML 


(Selects parameters from a list) 


II. PURP0SE : To select parameters from a user input matrix or table. 

HI. DMAP CALLING SEQUENC E: 

PARAML INPUT // C,N,0P / V,N,RECN0 / V,N,W0RDN / 

V,N, REALl / V,N, INTEG / V,N,REAL2 / V,N,BCD $ 

IV. INPUT DATA BL0CKS : 

INPUT Any matrix or table 

V. 0UTPUT DATA BL0CKS : None 

VI. PARAMETERS : 

0P Input; BCD; no default 

RECN0 Input; integer; Default = 1 

W0RDN Input; integer; Default = 1 

REALl Output; real; Default =1.0 

INTEG Output; integer; Default = 0 

REAL 2 Output; real; Default = 1.0 

BCD Output; BCD; Default = Blank 

VII. REMARKS : 

1. REALl, INTEG, REAL2 , and BCD will be set by the module whenever they 
are V type parameters. 

2. RECN0 and W0RDN control the starting point, according to 0P. If 
0P = DMI, RECN0 is the column number and W0RDN is the row number. 

If 0P = DTI, RECN0 is the record number and W0RDN is the word 
number. If 0P = PRESENCE, INTEG will be -1 if INPUT is purged. 

3. PARAML does its own save; therefore, an S need not replace a V in the 
calling sequence. 

VIII. EXAMPLE : 

Obtain the value in column 1, row 1 of a matrix. 

PARAML KGG // C,N,DMI / C,N,1 / C,N,1 / V,N,TERM $ 
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I. NAME ; PARAMR (Parameter processor - real) 

II. PURPOSE: To perform specified arithmetic, logical, and conversion 

operations on real or complex parameters. 

III. OMAP CALLING SEQUENCE ; 

PARAMR // C,N,0P / V,N,0UTR / V,N,INR1 / V,N,INR2 / 

V,N ,0UTC / V,N,INC1 / V,N,INC2 / 

V,N,FLAG $ 

IV. INPUT DATA BL0CKS ; None 
V. 0UTPUT DATA BL0CKS ; None 
VI. PARAMETERS ; 

0P Input; BCD operation code from the table that follows; no 

default 

0UTR Output; real; Default = 0.0 

INR1 Input; real; Default = 0.0 

INR2 Input; real; Default = 0.0 

0UTC Output; complex; Default = (0.0, 0.0) 

INC1 Input; complex; Default = (0.0, 0.0) 

INC2 Input; complex; Default = (0.0, 0.0) 

FLAG Output; integer; Default = 0 

The values of the parameters are dependent upon 0P, as shown in the 
following table; 
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0P 

0UTPUTS 

0P 

0UTPUTS 

ADD 

0UTR = INR1 + INR2 

DIVC 

0UTC = INC1 / INC 2 

SUB 

0UTR = INR1 - INR2 

CSQRT 

0UTC = \] INC1 

MPY 

0UTR = INR1 * INR2 

C0MPLEX 

0UTC = (INR1, INR2) 

DIV 

0UTR = INR1 / INR2 

C0NJ 

0UTC = INC1 

N0P 

RETURN 

REAL 

INR1 = Re (0UTC) 

SQRT 

0UTR = \j INR1 


INR2 = Im <0UTC) 

SIN 

0UTR = SIN(INRl) 

EQ 

FLAG = -1 if INR1 = INR2 

C0S 

0UTR = C0S (INR1) 

GT 

FLAG = -1 if INR1 > INR2 

ABS 

0UTR = | INR1 | 

LT 

FLAG = -1 if INR1 < INR2 

EXP 

0UTR = exp (INR1) 

LE 

FLAG = -1 if INR1 ^ INR2 

TAN 

0UTR = TAN(INRl) 

GE 

FLAG = -1 if INR1 ^ INR2 

N0RM 

0UTR = || 0UTC || 

NE 

FLAG = -1 if INR1 / INR2 

P0WER 

0UTR = INR1 ** INR2 

L0G 

0UTR = L0G lo (INR1) 

ADDC 

0UTC = INC1 + INC 2 

LN 

0UTR = L0G e (INRl) 

SUBC 

0UTC = INC1 - INC 2 

FIX 

FLAG = FIX (0UTR) 

MPYC 

0UTC = INC1 * INC 2 

FL0AT 

0UTR = FL0AT (FLAG) 


VII. REMARKS : 

1. Any output parameter must be V type if the parameter is used by 0P 
as output. 

2. For 0P = DIV or 0P = DIVC, the output is zero if the denominator 
is zero. 

3. PARAMR does its own save; therefore, an S need not replace a V in the 
calling sequence. 

4. For 0P = SIN, 0P = C0S, or 0P = TAN, the input must be 
expressed in radians. 
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I. NAME ; PRTPARM (Parameter and DMAP message printer) 

II. PURP0SE : Prints parameter values and DMAP messages. 

HI. DMAP CALLING SEQUENCE ; 

PRTPARM // C,N,a / C,N,b / C,N,C $ 

IV. INPUT DATA BL0CKS ; None 
V. 0UTPUT DATA BL0CK S ; None 
VI. PARAMETERS ; 

a Integer value (no default value) 

b BCD value (Default value = XXXXXXXX) 

c Integer value (Default value = 0) 

VII. METH0D ; 

As a parameter printer, use a = 0. There are two options; 

b parameter name will cause the printout of the value of that 
parameter (Example; PRTPARM // C,N,0 / C,N,LUSET $) 

or 

b XXXXXXXX will cause the printout of the values of all parameters 
in the current variable parameter table. Since this is the default 
value, it need not be specified (Example; PRTPARM / C,N,0 $) 

As a DMAP message printer, use a f 0. There are two options; 

a > 0 causes the printout of the jth message of category b where 
j = |a| and b is one of the values shown below. (The number of 
messages available in each category is also given.) (Example; 
PRTPARM // C,N,1 / C,N,DMAP $) 


or 

a < 0 causes the same action as a > 0 with the additional action 
of program termination. Thus, PRTPARM may be used as a fatal 
message printer. (Example; PRTPARM // C,N,-2 / C,N,PLA $) 

VIII. REMARKS ; 

1. b is always a value. 

2. Meaningless values of a and b result in diagnostic messages from 
PRTPARM. 
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I. NAME : SCALAR (Convert matrix element to parameter) 

II. PURP0SE : To extract a specified element from a matrix for use as a 

parameter . 

III. DMAP CALLING SEQUENCE : 

SCALAR A//V,Y,NR0W=1/V,N,NC0L=1/C,Y, VALUE $ 

IV. INPUT DATA BL0CKS : 

A May be any type of matrix 

If A is purged, value will be returned as (0.,0.). 

V. 0UTPUT DATA BL0CKS : None 

VI. PARAMETERS : 

NR0W Input; integer; Default =1. Row number of element to be 

extracted from [a] . 

NC0L Input; integer; Default = 1. Column identification of 

element. 

VALUE Output; complex; single precision; Default = (0.,0.). 

Contents of element (NR0W,NC0L) in matrix [a] . 
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I. NAME: SETVAL 


(Set values) 


II. PURP0SE : Set DMAP parameter variable values equal to other DMAP 

parameter variables or DMAP parameter constants. 

III. DMAP CALLING SEQUENCE : 

SETVAL // V,N,X1 / V,N,A1 / 

V,N ,X2 / V,N,A2 / 

V,N,X3 / V,N , A3 / 

V,N ,X4 / V,N,A4 / 1 

V,N,X5 / V,N,A5 $ 

IV. INPUT DATA BL0CKS : None 

V. 0UTPUT DATA BL0CKS : None 

VI. PARAMETERS : 

XI, X2, X3, X4, X5 Output; integers; variables 

Al, A2, A3, A4, A5 Input; integers; Default values = 1; variables 

or constants 

VII. METH0D : This module sets XI = Al, X2 = A2, X3 = A3, X4 = A4 , and 

X5 = A5. Only two parameters need be specified in the calling sequence 
(Xl and Al) . 

VIII. REMARKS : 

1. An S must replace the V in the SETVAL instruction if the output 
parameter values are to be subsequently used. 

2. See PARAM for an alternate method of defining parameter values. 

3. As an example, the statements 

SETVAL // V,N ,X1 / S,N,A1 / S,N,X2 / C,N,3 $ 

are equivalent to the statements 

PARAM // C,N,ADD / V,N,X1 / V,N,A1 / C,N,0 $ 

PARAM // C,N,N0P / V,N,X2=3 $ 
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I . NAME : SWITCH 


(Interchange two data block names) 


II. PURPOSE: To interchange two data block names. 

III. DMAP CALLING SEQUENCE : 

SWITCH DB1 ,DB2 // PARAM $ 

IV. INPUT DATA BL0CKS : 

Any NASTRAN data blocks 

V. 0UTPUT DATA BL0CKS : None 

VI. PARAMETERS : 

PARAM If PARAM < 0, the switch is performed. 

VII. METH0D ; If PARAM = 0, a return is made; otherwise, the names of the 
data blocks are interchanged. All attributes of the data within the 
blocks remain constant; only the names are changed. 

VIII. REMARKS ; 

1. Neither input data block may be purged. 

2. This option is of use in iterative DMAP operations. 


DB1 1 
DB2 J 
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6. ERROR MESSAGES 


6.1 NASTRAN System and User Messages 

NASTRAN system and user messages are identified by number. Message num- 
bers have been assigned in groups as follows: 

1 - 1000 Preface messages 

1001 - 2000 Executive module messages 

2001 - Functional module messages 

These messages have the following format: 


* * * 


^ v r P0TENTIALLY FATAL' 

J SYSTEM l ) FATAL 
|^USER J \ WARNING 

^ INFORMATION 


MESSAGE id, text. 


where id is a unique message identification number and text is the message, as 
indicated in capital letters, for each of the diagnostic messages. A series 
of asterisks (****) in the text indicates information that will be filled in 
for a specific use of the message, such as the number of a grid point or the 
name of a bulk data card. Many of the messages are followed by additional 
explanatory material, including suggestions for remedial action. 

The system and user messages described in this section pertain only to 
those messages generated by NASTRAN that are not self-explanatory, that have 
not been cut out when reducing NASTRAN 1 s size, and that are useful to the user. 
Although these messages can appear at various places in the output stream, they 
should be easily identified by their format. The various computer operating 
systems also produce diagnostic messages that can appear at various places in 
the output stream. The format of these messages varies with the operating sys- 
tem. Reference should be made to the operating system manuals for interpreting 
the messages that are not generated by NASTRAN. 

System messages refer to diagnostics that are associated with program 
errors. In general, such errors cannot be corrected by the user. User mes- 
sages refer to errors that are usually associated with the preparation of the 
NASTRAN data deck. Corrective action is indicated in either the message text 
or the explanatory information following the text. 

Fatal messages cause termination of the execution following printing of 
the message text. These messages always appear at the end of the NASTRAN out- 
put. Warning and information messages appear at various places in the output 
stream. Such messages only convey warnings or information to the user. Conse- 
quently, the execution continues in a normal manner following the printing of 
the message text. 
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As an example, consider message number 2025, which appears in the printed 
output as follows: 

*** USER FATAL MESSAGE 2025, UNDEFINED C00RDINATE SYSTEM 102. 

The three leading asterisks (***) are always present in user and system diag- 
nostic messages. The word USER indicates that this is a user message rather 
than a system message. The word FATAL indicates that this is a fatal message 
rather than a warning or information message. The number 2025 is the identifi- 
cation number for this message. The text of the message follows the comma. 

The number 102 replaces the asterisks (****) in the general message text and 
indicates that 102 is the identification number of the undefined coordinate 
system. 


6.2 Preface User Messages 

Preface messages indicate that an error has been found before or during 
the input of data. 

01 *** USER WARNING MESSAGE 1, ASSUMED FIRST INPUT FILE IS NULL. 

User has specified N input data blocks when there should be N+l. 

02 *** USER WARNING MESSAGE 2, PARAMETER NAMED ******** is DUPLICATED. 

No harm done. Parameter is saved just once. 

03 *** USER FATAL MESSAGE 3, P0RMAT ERR0R IN PARAMETER N0.***. 

Double delimiter appears in parameter section of previous DMAP 
instruction. 

05 *** USER FATAL MESSAGE 5, PARAMETER INPUT DATA ERR0R ILLEGAL VALUE F0R 
PARAMETER NAMED ********. 

Type of parameter on PARAM card is inconsistent with type of parameter 
by same name in previous DMAP instruction. 

07 *** USER FATAL MESSAGE 7, PARAMETER N0.*** NEEDS PARAMETER NAME. 

Parameter is not in correct format. 

08 *** USER FATAL MESSAGE 8, BULK DATA PARAM CARD ERR0R. MUST N0T DEFINE 

PARAMETER NAMED ********. 

The "N" in V,N, ******** means user cannot set the value of the parameter 
with name ******** on a PARAM card. 

09 *** USER FATAL MESSAGE 9, VALUE NEEDED F0R PARAMETER N0. ***. 

Constant needs value in DMAP instruction or on PARAM card. 


220 



12 *** USER FATAL MESSAGE 12, ILLEGAL CHARACTER IN DMAP INSTRUCTION NAME. 

Name must be eight or less alphanumeric characters, the first character 
being alphabetic. 

15 *** USER fatal MESSAGE 15, INCONSISTENT LENGTH USED FOR PARAMETER 
NAMED ********. 

This parameter was used in a previous DMAP instruction that gave it a 
different type. 

18 *** USER FATAL MESSAGE 18, TOO MANY PARAMETERS IN DMAP PARAMETER LIST. 

Incorrect calling sequence for DMAP instruction. 

19 *** USER FATAL MESSAGE 19, LABEL NAMED ******** IS MULTIPLY DEFINED. 

LABEL named appears in more than one place in DMAP program. 

20 *** USER FATAL MESSAGE 20, ILLEGAL CHARACTERS IN PARAMETER NO. ***. 

Name must be eight or less alphanumeric characters, the first character 
being alphabetic. 

23 *** USER FATAL MESSAGE 23, DATA BLOCK NAMED ******** is NOT REFERENCED 
IN SUBSEQUENT FUNCTIONAL MODULE. 

Error can be suppressed by adding the following: 

PARAM //C,N,N0P/V,N,TRUE=-1 $ 

COND LABELXXX , TRUE $ 

TABPT ********,,,,// $ 

LABEL LABELXXX $ 

25 *** USER FATAL MESSAGE 25, PARAMETER NAMED ******** NOT DEFINED. 

Parameter is referenced in nonfunctional module but is nowhere defined. 

26 *** USER FATAL MESSAGE 26, LABEL NAMED ******** NOT DEFINED. 

LABEL name does not appear in LABEL instruction. 

27 *** USER WARNING MESSAGE 27, LABEL NAMED ******** NOT REFERENCED. 

LABEL name appears only in a LABEL instruction. 
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37 *** USER WARNING MESSAGE 37, WARNING 0NLY - MAY N0T BE ENOUGH FILES 

AVAILABLE P0R M0DULE REQUIREMENTS. FILES NEEDED = *** FILES 
AVAILABLE = ***. 

Program will execute if enough data blocks referenced by the module are 
purged. Purged data blocks are not assigned files. 

38 *** SYSTEM FATAL MESSAGE 38, N0T EN0UGH C0RE F0R GPI TABLES. 

User must break up DMAP program. 

42 *** USER WARNING MESSAGE 42, PARAMETER NAMED ******** ALREADY HAD VALUE 
ASSIGNED PREVIOUSLY. 

Parameter appears in a previous instruction which assigned it a value. 
The previous value will be used. 

51 *** SYSTEM FATAL MESSAGE 51, N0T EN0UGH 0PEN C0RE P0R XGPIBS R0UTINE. 

Additional core memory is required. 

204 *** USER FATAL MESSAGE 204, C0LD START, N0 BULK DATA. 

No data cards were found after the BEGIN BULK card. A blank card will 
satisfy this rule. 

206 *** USER FATAL MESSAGE 206, PREVI0US C0NTINUATI0N MNEM0NIC HAS A DUPLICATE. 

Two or more continuation cards were found with columns 2 to 8 identical. 

207 *** USER INF0 MESSAGE 207, BULK DATA N0T S0RTED , XS0RT WILL RE0RDER DECK. 

Bulk data deck was not in alphanumeric sort. Sorting will be performed. 
Sorting of large deck can be time consuming. 

208 *** USER FATAL MESSAGE 208, PREVI0US CARD IS A DUPLICATE PARENT. 

Two or more cards were found wj.th columns 74 to 80 identical, and a 
continuation card is present with that mnemonic (columns 2 to 8) . 

209 *** USER FATAL MESSAGE 209, PREVI0US **** C0NTINUATI0N CARDS HAVE N0 

PARENTS . 

One or more continuation cards were found with a mnemonic (columns 2 
to 8) not matching any other card (columns 74 to 80) . 

210 *** SYSTEM FATAL MESSAGE 210, SCRATCH C0ULD N0T BE 0PENED. 

One of the required scratch files was not present (destroyed) in FIST. 
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211 *** SYSTEM FATAL MESSAGE 211, ILLEGAL E0R 0N SCRATCH. 

A required scratch file was formatted improperly. 

216 *** SYSTEM FATAL MESSAGE 216, ILLEGAL INDEX. 

P0RTRAN computed-G0-T0 have received an illogical value. 

300 *** USER FATAL MESSAGE 300, DATA ERR0R IN FIELD UNDERLINED. 

( 1 ) 

A data error as described in the text has been detected by utility 
routine XRCARD or RCARD. 

300 *** USER FATAL MESSAGE 300, INVALID DATA C0LUMN 72. 

( 2 ) 

Error in format of exponent. 

300 *** USER FATAL MESSAGE 300, INTEGER DATA 0UT 0F MACHINE RANGE. 

(3) 

The limits are 2 31 - i for IBM, 2 59 - 1 for Control Data, and 2 35 - 1 
for UNI VAC. 

300 *** USER FATAL MESSAGE 300, INVALID CHARACTER F0LL0WING INTEGER IN 

(4) C0LUMN ***. 

Either an illegal delimiter was detected or a real number is missing 
the decimal. 

300 *** USER FATAL MESSAGE 300, DATA ERR0R - UNANTICIPATED CHARACTER IN 

(5) C0LUMN ***. 

A ± E or ± D was expected, based on other input data. 

300 *** USER FATAL MESSAGE 300, DATA ERR0R - MISSING DELIMITER 0R REAL P0WER 

(6) 0UT 0F MACHINE RANGE. 

Either no delimiter was found or the power was exceeded. The limits 
are E-78 to E+75 for IBM, E-38 to E+38 for UNIVAC, and E-294 to E+322 
for Control Data. 

305 *** SYSTEM FATAL MESSAGE 305, GIN0 CANN0T 0PEN FILE ********. 

Unexpected nonstandard return from 0PEN. 

306 *** SYSTEM FATAL MESSAGE 306, READ L0GIC REC0RD ERR0R. 

Short record encountered. Bulk data card images occupy 20 words. 
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311 *** USER FATAL MESSAGE 311, N0NUNIQUE FIELD 2 0N BULK DATA 
CARD ******** ***, 

The sorted bulk data card indicated must have a unique integer in 

field 2. 

314 *** SYSTEM FATAL MESSAGE 314, INVALID CALL FR0M IFP ******. 

Code error, machine failure, or cell is being destroyed. 

321 *** USER FATAL MESSAGE 321, N0NUNIQUE PARAM NAME *****. 

, All names of parameters must be unique. 

324 *** USER WARNING MESSAGE 324, BLANK CARD(S) IGN0RED. 

Blank bulk data cards are ignored by NASTRAN. 

330 *** SYSTEM FATAL MESSAGE 330, N0 R00M IN C0RE F0R PARAM CARDS. 

Increase core size. 

505 *** USER FATAL MESSAGE 505, C0NTR0L CARD **** IS ILLEGAL. 

Card preceding message 505 cannot be processed correctly. 

506 *** USER FATAL MESSAGE 506, C0NTR0L CARD **** DUPLICATED. 

Card preceding message 506 cannot be input more than once. 

511 *** SYSTEM FATAL MESSAGE 511, DMAP SEQUENCE EXCEEDS C0RE SIZE - 
REMAINING DMAP INSTRUCTI0NS IGN0RED. 

You have run out of open core. Split the DMAP sequence somewhere prior 
to where message 511 was printed out. 

515 *** USER FATAL MESSAGE 515, END IN STRUCTI0N MISSING IN DMAP SEQUENCE. 

DMAP sequence must end with END control card. 

520 *** USER FATAL MESSAGE 520, C0NTR0L CARD **** IS MISSING. 

The control card mentioned is required for this problem. 

524 *** SYSTEM FATAL MESSAGE 524, ALTERNATE RETURN TAKEN WHEN 0PENING FILE ****. 

This occurs if file name is not in FIST or if the end of tape was 
reached while writing on the file. The file name should correspond 
to one of the permanent entries in the FIST. 
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525 *** SYSTEM FATAL MESSAGE 525, ILLEGAL FORMAT ENCOUNTERED WHILE READING 
FILE ****. 

File is not in the correct format. Either the wrong tape was mounted 
or it does not contain what you think it should. 

601 *** USER FATAL MESSAGE 601, THE KEYWORD 0N THE AB0VE CARD IS ILLEGAL 

0R MISSPELLED. SEE THE F0LL0WING LIST F0R LEGAL KEYW0RDS. 

Case control expects each card to begin with a keyword (usually 4 char- 
acters in length) . Your card does not. User message 612 will list the 
legal keywords along with a brief description of function. To remove 
the error, consult message 612 or NASTRAN case control card descriptions 
and spell your request correctly. 

602 *** USER WARNING MESSAGE 602, TW0 0R M0RE 0F THE AB0VE CARD TYPES 

DETECTED WHERE 0NLY 0NE IS LEGAL. THE LAST F0UND WILL BE USED. 

Remove the card with the duplicate meaning. Note that some cards have 
alternate forms. 

603 *** USER FATAL MESSAGE 603, THE AB0VE CARD D0ES N0T END PR0PERLY . 

C0MMENTS SH0ULD BE PRECEDED BY A D0LLAR SIGN. 

Case control cards of the form name = value should not contain more 
than one value. Consult your NASTRAN case control deck document for 
a complete description of the card or precede your comments with a 
dollar sign. 

604 *** USER FATAL MESSAGE 604, THE AB0VE CARD HAS A N0NINTEGER IN AN 

INTEGER FIELD. 

Consult your NASTRAN case control deck document for legal values. 

608 *** USER FATAL MESSAGE 608, THE SET ID SPECIFIED 0N THE AB0VE CARD MUST 

BE DEFINED PRI0R T0 THIS CARD. 

Set identification numbers must be specified prior to their use. Also 
sets specified within a subcase die at the end of the subcase. 

Redefine set (or define set) or move set out of subcase. 

609 *** USER FATAL MESSAGE 609, SUBCASE DELIMITER CARDS MUST HAVE A UNIQUE 

IDENTIFYING INTEGER. 

Subcase type cards must have an identifying integer. These numbers 
must be strictly increasing. Renumber your subcase cards. The use 
of a nonblank delimiter (e.g., =) will also cause this message to 
occur . 
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610 *** USER FATAL MESSAGE 610, THE VALUE F0LL0WING THE EQUAL SIGN IS ILLEGAL. 

Case control cannot identify the BCD value after the equal sign. 

Consult NASTRAN case control card descriptions for a full description 
of the card. 

611 *** user FATAL MESSAGE 611, TEN CARDS HAVE ILLEGAL KEYW0RDS. NASTRAN 

ASSUMES BEGIN BULK CARD IS MISSING. IT HILL N0W PR0CESS Y0UR BULK 
DATA. 

Only ten keywords may be misspelled. A common source of this error may 
be the omission of the 0UTPUT(PL0T) delimiter cards. 

612 *** USER FATAL MESSAGE 612, —LIST 0F LEGAL CASE C0NTR0L MNEM0NICS. 

This message is caused by messages 601 or 611. 

613 *** USER FATAL MESSAGE 613, THE AB0VE SET C0NTAINS 'EXCEPT* WHICH IS N0T 

PRECEDED BY 'THRU'. 

Only identification numbers included in THRU statements may be excepted. 
Simplify your SET request. 

614 *** USER MESSAGE 614, THE AB0VE SET IS BADLY SPECIFIED. 

The grammar of the SET list is so confused that IFP1 cannot continue. 
Simplify the SET list. 

615 *** USER FATAL MESSAGE 615, AN IMPR0PER 0R N0 NAME GIVEN T0 THE AB0VE SET. 

SET lists must have integer names. This SET list does not have one. 

SET 10 = is the correct format. Give the SET a correct integer name. 

616 *** USER FATAL MESSAGE 616, 'EXCEPT' CANN0T BE F0LL0WED BY 'THRU'. LIST 

EXPLICITLY ALL EXCEPTI0NS . 

EXCEPT in SET list can only be followed by integers. An integer larger 
than the THRU pair terminates THRU. Either list exceptions explicitly, 
use two 'THRU's, or terminate first THRU. 

617 *** USER FATAL MESSAGE 617, A N0NP0SITIVE INTEGER APPEARS IN A P0SITIVE 

P0SITI0N. 

Most integer values in case control must be positive. The above card 
either has a negative integer or a BCD value in a positive position. 
Check the case control deck documentation for the proper card format. 

618 *** USER FATAL MESSAGE 618, PL0TTER 0UTPUT IS REQUESTED BUT N0 PL0T 

TAPE IS SET UP. 

Neither PLT1 or PLT2 is a physical tape. Remove the plot control 
packet or set up the appropriate tape. 
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619 *** USER WARNING MESSAGE 619, SET MEMBER *** BEL0NGS T0 *** THRU ***. 

A set member is already included in a THRU. The individual member will 
be absorbed in the THRU. 

620 *** USER WARNING MESSAGE 620, DUPLICATE *** IS IN SET LIST. 

A set member is listed twice. The second reference will be deleted. 

625 *** USER FATAL MESSAGE 625, SUBCASE ID'S MUST BE LESS THAN 99,999,999. 

Reduce the size of your subcase identification number. Note also that 
BCD subcase identification numbers are not legal. 

627 *** USER FATAL MESSAGE 627, THE AB0VE SUBCASE HAS B0TH A STATIC L0AD AND 
A REAL EIGENVALUE METH0D SELECTI0N — REM0VE 0NE. 

The buckling problem requires two subcases: one for statics and one 

for buckling. Both a load and a method selection cannot take place in 
the same subcase . 

997 *** USER WARNING MESSAGE 997, N0. ***. FRAME N0. **** INPUT DATA 
INC0MPATI BLE . ASSUMPTI0NS MAY PR0DUCE INVALID PL0T. 

N0. *** may take any value from 1 to 4 with the following meaning: 

1. Specified X maximum equals X minimum. If this value is zero, then 
X maximum is set to 5.0 and X minimum to -5.0; otherwise, 5 times 
the absolute value of X maximum is added to X maximum and subtracted 
from X minimum. 

2. Specified X maximum is smaller than X minimum. The values are 
reversed . 

3. Same meaning as number 1 for Y maximum and Y minimum. 

4. Same meaning as number 2 for Y maximum and Y minimum. 


6.3 Functional Module Messages 

Functional module messages indicate that a problem exists during the 
execution of a particular module. 

2002 *** SYSTEM FATAL MESSAGE 2002, GRID P0INT **** N0T IN EQEXIN . 

This message indicates a problem design error in GPl. 
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2003 *** USER FATAL MESSAGE 2003, COORDINATE SYSTEM **** REFERENCES UNDEFINED 
GRID P0INT ****. 

Applies to C0RDlj definitions. 

2005 *** SYSTEM FATAL MESSAGE 2005, INCONSISTENT COORDINATE SYSTEM 

DEFINITION. 

At least one coordinate system cannot be tied to the basic system. 

2006 *** USER FATAL MESSAGE 2006, INTERNAL GRID POINT **** REFERENCES 

UNDEFINED COORDINATE SYSTEM ***** 

The grid point whose internal sequence number is printed above refer- 
ences an undefined coordinate system in either field 3 or field 7 of 
a GRID card. 

2013 *** USER WARNING MESSAGE 2013, N0 STRUCTURAL ELEMENTS EXIST. 

Model checked for structural elements. 

2015 *** USER WARNING MESSAGE 2015, EITHER NO ELEMENTS C0NNECT INTERNAL 
GRID P0INT ******** OR IT IS CONNECTED TO A RIGID ELEMENT OR 
A GENERAL ELEMENT. 

The message is a warning only since the degrees of freedom associated 
with the point may be removed. The internal identification number is 
formed by assigning to each grid point one of the integers 1 or 2, 
depending on its resequenced position. 

2021 *** SYSTEM FATAL MESSAGE 2021, BAD GMMAT CALLING SEQUENCE. 

The calling sequence of the subroutine which calls either subroutine 
GMMATD or GMMATS defined a nonconformable matrix product. The sub- 
routine examines the transpose flags in combination with the orders 
of the matrices to make sure that a conformable matrix product is 
defined by this input data. This test clearly is made for purposes 
of calling routine check-out only. No tests are made, nor can they 
be made to insure that the calling routine has provided sufficient 
storage for arrays. 

2023 *** SYSTEM FATAL MESSAGE 2023, DETCK UNABLE TO FIND PIVOT POINT **** 

IN GPCT. 

Probable error in creating the ECPT data block in module TA1. 

2024 *** USER FATAL MESSAGE 2024, OPERATION CODE ******** NOT DEFINED FOR 

MODULE PARAM. 

The use of V,N, SUB rather than C,N,SUB can cause this. - 
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2025 *** USER FATAL MESSAGE 2025, UNDEFINED C00RDINATE SYSTEM ****. 

The coordinate system identification number transmitted by means of 
ECPT{1) could not be found in the CSTM array. The user should check 
coordinate system numbers used on bulk data cards against those defined 
on C0RD1C, C0RD1R, or C0RD1S bulk data cards to insure that there 
are no undefined coordinate systems. 

2026 *** USER FATAL MESSAGE 2026, ELEMENT **** GE0METRY YIELDS UNREAS0NABLE 

MATRIX. 

Referenced element geometry and/or properties yield a numerical result 
which causes an element stiffness or mass matrix to be undefined. Pos- 
sible causes include, but are not limited to the fact that the length 
of a bar is zero because the end points have the same coordinates, 
that the sides of a triangle are colinear, which leads to a zero cross 
product in defining an element coordinate system, or that the bar 
orientation vector is parallel to the bar axis. Check GRID bulk data 
cards defining element end points for bad data. 

2034 *** SYSTEM FATAL MESSAGE 2034, ELEMENT **** SIL'S D0 N0T MATCH PIV0T. 

Possible error in generation of the ECPT data block. 

2042 *** USER FATAL MESSAGE 2042, MISSING MATERIAL TABLE **** F0R ELEMENT ****. 

The referenced material table identification number is missing. The 
user should check to see that all element property bulk data cards 
(e.g., PBAR) reference material card identification numbers for 
material property cards that exist in the bulk data deck. 

2049 *** USER FATAL MESSAGE 2049, UNDEFINED GRID P0INT **** HAS AN 0MITTED 

C00RDINATE. 

An 0MIT card references a grid point which has not been defined. 

2050 *** USER FATAL MESSAGE 2050, UNDEFINED GRID P0INT **** HAS A SUP0RT 

C00RDINATE. 

A SUP0RT card references a grid point which has not been defined. 

2052 *** USER FATAL MESSAGE 2052, UNDEFINED GRID P0INT *** IN SINGLE-P0INT 

C0NSTRAINT SET ****. 

An SPC card in the selected SPC set references a grid point which has 
not been defined. ' 

2053 *** USER FATAL MESSAGE 2053, UNDEFINED SINGLE-P0INT C0NSTRAINT SET ****. 

A single-point constraint set selected in the case control deck could 
not be found on either an SPCADD card, or SPC card; or a set referenced 
on an SPCADD card could not be found on an SPC card. 
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2072 *** SYSTEM WARNING MESSAGE 2072, CARD TYPE *** N0T F0UND 0N DATA BL0CK. 

This warning message is issued when the trailer bit for the card type 
equals 1, but the corresponding record is not on the data block. 

2081 *** USER FATAL MESSAGE 2081, NULL DIFFERENTIAL STIFFNESS MATRIX. 

Differential stiffness is not defined for all structural elements. 
Only TRMEM, TRIA2, and BAR are defined for differential stiffness 
calculations. The user has not included any of these elements in 
his model and therefore a null differential stiffness matrix was 
generated. 

2083 *** USER FATAL MESSAGE 2083, NULL DISPLACEMENT VECT0R. 

The displacement vector for the linear solution part of a static 
analysis with differential stiffness problem is the zero vector. 

Check loading conditions. 

2085 *** USER INFORMATION MESSAGE 2085, **** SPILL, NPVT ****. 

During processing of the ECPT data block in module ****, so many 
elements were attached to the referenced pivot point (NPVT) that 
module spill logic was initiated. 

2086 *** USER INFORMATION MESSAGE 2086, SMA2 SPILL, NPVT ****. 

See explanation for message 2085. 

2088 *** USER FATAL MESSAGE 2088, DUPLICATE TABLE ID ****. 

All tables must have unique numbers. Check for uniqueness. 

2089 *** USER FATAL MESSAGE 2089, TABLE **** UNDEFINED. 

The table number in the list of table numbers input to subroutine 
PRETAB by means of argument 7 was not found after reading the DIT 
data block. Check list of tables in the bulk data deck. 

2090 *** SYSTEM FATAL MESSAGE 2090, TABLE DICTIONARY ENTRY **** MISSING. 

Logic error in subroutine PRETAB, or open core used by PRETAB has 
been destroyed. 

2101A *** USER FATAL MESSAGE 2101A, GRID P0INT **** C0MP0NENT *** ILLEGALLY 
DEFINED IN SETS ****. 

The above grid point and component have been defined in each of the 
above dependent subsets. A point may belong to, at most, one 
dependent subset. 
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2102 *** USER WARNING MESSAGE 2102, LEFT-HAND MATRIX R0W P0SITI0N **** 0UT 

0F RANGE - IGN0RED. 

A term in the A matrix whose row position is larger than the stated 
dimension was detected and ignored. 

2103 *** SYSTEM FATAL MESSAGE 2103, SUBR0UTINE MAT WAS CALLED WITH INFLAG=2, 

THE SINE 0F ANGLE X, MATERIAL 0RIENTATI0N ANGLE, N0NZER0, BUT 
SIN (X) **2+C0S (X) **2 DIFFERED FR0M 1 IN ABS0LUTE VALUE BY M0RE 
THAN .0001. 

A check is made in MAT to insure that ABS (SIN (THETA) **2+C0S (THETA) ** 
2-1.00) .LE. .0001 when INFLAG equals 2. The calling routine did not 
set SINTH and C0STH cells in /MATIN/ properly. 

2104 *** USER FATAL MESSAGE 2104, UNDEFINED C00RDINATE SYSTEM ****. 

See the explanation for message 2025. 

2107 *** USER FATAL MESSAGE 2107, EIG-CARD FR0M SET **** REFERENCES DEPENDENT 
C00RDINATE 0R GRID P0INT ****. 

When the point option is used on an EIGB or EIGR card, the refer- 
enced point and component must be in the analysis set for use in 
normalization. 

2111 *** USER WARNING MESSAGE 2111, BAR **** C0UPLED BENDING INERTIA SET T0 0 . 0 

IN DIFFERENTIAL STIFFNESS. 

The coupled bending inertia term on a PBAR card, if nonzero, is set 
to zero in the differential stiffness routine for the BAR. 

2112 *** SYSTEM FATAL MESSAGE 2112, UNDEFINED TABLE ****. 

The referenced table number could not be found in core. 

2116 *** SYSTEM FATAL MESSAGE 2116, MATID **** TABLEID ****. 

The referenced material table identification number could not be found 
among the set of all MAT1 cards in core. 

2132 *** USER FATAL MESSAGE 2132, N0N-ZER0 SINGLE P0INT C0NSTRAINT VALUE 
SPECIFIED BUT DATA BL0CK YS IS PURGED. 

Many DMAP sequences do not support constrained displacements (especially 
dynamic solutions) . An attempt to specify a constrained displacement 
in these cases results in this message. 

2137 *** USER FATAL MESSAGE 2137, PR0GRAM RESTRICTI0N F0R M0DULE SSG1 - 

0NLY 100 L0AD SET ID'S ALL0WED. DATA C0NTAINS **** L0AD SET ID'S. 

Reduce the number of load set ID's. 
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2138 


2139 


2140 


2264 


2288 


2296 


2297 


2298 


3001 


*** USER FATAL MESSAGE 2138, ELEMENT IDENTIFICATION NUMBER **** IS T00 
LARGE. 

Element identification numbers on connection cards must be less than 
16,777,215. 

*** USER FATAL MESSAGE 2139, ELEMENT **** IN DEF0RM SET **** IS UNDEFINED 

A selected element deformation set includes an element twice, a non- 
existent element, or a non-one-dimensional element. 

*** USER FATAL MESSAGE 2140, GRID P0INT 0R SCALAR P0INT ID **** IS T00 
LARGE. 

Program restriction on the size of integer numbers. A card defining 
a grid point or scalar point has a number larger than 2,000,000. 

*** SYSTEM FATAL MESSAGE 2264, NUMBER 0F R0WS C0MPUTED (****) WAS 
GREATER THAN SIZE REQUESTED F0R 0UTPUT MATRIX (****) . 

Module ADD determines size of output matrices (j set size) . Sum of 
number of rows added by different method totals more than maximum 
allowed. 

*** SYSTEM FATAL MESSAGE 2288, **** READ INC0RRECT NUMBER W0RDS 
(**** ****) . 

Subroutine **** read **** words on the **** card which is incorrect. 

*** USER FATAL MESSAGE 2296, INSUFFICIENT C0RE *** (****), ELEMENT ****. 

Subroutine **** has insufficient core when loading element type of 
number ****. Elements are read into core by element type (see 
/GPTA1/ sequence) and then by sequential element number. 

*** SYSTEM FATAL MESSAGE 2297, INC0RRECT L0GIC F0R ELEMENT TYPE ****, 
ELEMENT ****, (****). 

Subroutine (****) has sequential element search. Element type can be 
found in /GPTA1/. 

*** USER FATAL MESSAGE 2298, INSUFFICIENT C0RE **** (****), PR0PERTY **** 

Subroutine **** (core ****) had insufficient core when loading 
property ****. 

*** SYSTEM FATAL MESSAGE 3001, ATTEMPT T0 0PEN DATA SET *** IN SUBR0UTINE 
****** WHICH WAS N0T DEFINED IN FIST. 

Subroutine did not expect data block to be purged. Check data block 
requirements for module. 
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3002 *** SYSTEM FATAL MESSAGE 3002, E0F ENCOUNTERED WHILE READING DATA SET 

******** (FILE ***) IN SUBROUTINE ******. 

This message is issued when an end of file occurs while trying to skip 
the header record. The data block is not in the proper format. 

3003 *** SYSTEM FATAL MESSAGE 3003, ATTEMPT TO READ PAST THE END 0F A L0GICAL 

RECORD IN DATA SET ******** (FILE ***) IN SUBROUTINE ********* 

This message is issued when the file is positioned at the beginning 
of a logical record and the record does not contain at least three 
words. Data block is not in proper format. 

3005 *** USER FATAL MESSAGE 3005, ATTEMPT TO OPERATE ON SINGULAR MATRIX **** 

IN SUBROUTINE ***** 

A diagonal term does not exist for a column of (U) . This is normally 
detected in DEC0MP and implies care was not taken in processing 
singular matrices in the calling routine. 

3009 *** SYSTEM FATAL MESSAGE 3009, DATA TRANSMISSION ERROR ON DATA SET 

******** (FILE ***) . 

Remove the PLOT request from the NASTRAN job. 

3010 *** SYSTEM FATAL MESSAGE 3010, ATTEMPT TO MANIPULATE DATA SET ******** 

(FILE ***) BEFORE OPENING FILE. 

An operation other than OPEN or CLOSE is requested on a file which 
is not defined in the FIST. 

3011 *** SYSTEM FATAL MESSAGE 3011, ATTEMPT TO WRITE A TRAILER ON FILE *** 

WHEN IT HAS BEEN PURGED. 

The file did not exist in the FIST when WRTTRL was called. 

3012 *** SYSTEM FATAL MESSAGE 3012, ATTEMPT TO OPEN DATA SET ******** (FILE ***) 

WHICH HAS ALREADY BEEN OPENED. 

GIN0 OPEN was called while the file was already open. 

3013 *** SYSTEM FATAL MESSAGE 3013, ATTEMPT TO READ DATA SET ******** (FILE ***) 

WHEN IT WAS OPENED F0R OUTPUT. 

GIN0 was called to READ a data block opened for output. 

3014 *** SYSTEM FATAL MESSAGE 3014, ATTEMPT T0 WRITE DATA SET ******** (FILE ***) 

when it was Opened for input. 

GIN0 was called to WRITE a data block opened for input. 
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3015 *** SYSTEM FATAL MESSAGE 3015, ATTEMPT T0 FWDREC 0N DATA SET ******** 

(FILE ***) WHEN IT WAS 0PENED F0R 0UTPUT. 

GIN0 was called to FWDREC a file opened for output. 

3016 *** SYSTEM FATAL MESSAGE 3016, **** MATRIX IS N0T IN PR0PER F0RM IN 

SUBR0UTINE ****. 

This implies that the input matrix is not in the proper form or type 
acceptable to the subroutine. Check the trailer information on the 
matrix and the subroutine description for the discrepancy. 

3017 *** USER WARNING MESSAGE 3017, 0NE 0R M0RE GRID P0INT SINGULARITIES j 

HAVE N0T BEEN REM0VED BY SINGLE P0INT C0NSTRAINTS . 

Singularities or near singularities may exist at the grid-point level. ! 
The listed singularities should be examined for data errors. The 
check performed here is neither necessary nor sufficient for a 
singular matrix. 

3018 *** SYSTEM FATAL MESSAGE 3018, M0DULE ******** , SEQUENCE N0. ***, 

REQUIREMENTS EXCEED AVAILABLE FILES. 

Segment file allocator (SFA) did not have sufficient logical files 
available to fill the request of the module. Cut module requirements 
or increase the logical files within the computer system. 

3019 *** USER FATAL MESSAGE 3019, MAXIMUM LINE C0UNT EXCEEDED IN SUBR0UTINE **** 

LINE C0UNT EQUALS ****. 

The total number of lines written on the system output file has 
exceeded the set limit (default value is 20,000). if you wish to 
increase this value, include a card of the form "MAXLINES=n" in your 
case control deck. 

3021 *** SYSTEM FATAL MESSAGE 3021, FILE *** N0T DEFINED IN FIST. 

An operation other than 0PEN or CL0SE is requested on a file which 
is not defined in the FIST. 

3022 *** SYSTEM WARNING MESSAGE 3022, DATA SET ******** IS REQUIRED AS INPUT 

AND IS N0T 0UTPUT BY A PREVI0US M0DULE IN THE CURRENT DMAP R0UTE . 

SFA detected that an input data block to a future module has not been 
generated. If the future module requires that this data block exist, 
the module may terminate with a fatal error. This message can occur 
(and most often does) when the SFA has removed from its tables (due 
to a need for more room) previously purged data blocks. In this case 
no error or even a warning is implied. 
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3023 *** USER INFORMATION MESSAGE 3023 — PARAMETERS FOR SYMMETRIC 
DECOMPOSITION 0F DATA BL0CK ******** (N = *****) TIME 
ESTIMATE = *******. 


C AVG = ****** S AVG = ****** PC MAX = ****** 

PC AVG =****** ADDITIONAL CORE = ******* PC GROUPS = ****** 

SPILL GROUPS = ****** C MAX = ****** PREFACE LOOPS = ****** 

N is the number of rows in the data block; TIME is the estimate (in 
seconds) to perform the decomposition; C AVG is the average number 
of active columns per pivot row; PC AVG is the average number of 
passive columns at each active termination point; SPILL GROUPS is 
the number of spill groups; S AVG is the average number of rows in 
each spill group; ADDITIONAL CORE (positive) is the amount of 
core required to avoid spill, (negative) is the amount of unused 
core; C MAX is the maximum number of active columns in any one 
pivot row; PC MAX is the maximum number of passive columns at any 
one active column termination point; PC GROUPS is the number of 
active column termination points; PREFACE L0OPS is the number 
of times the preface of the decomposition subroutine is executed. 


3024 *** USER INFORMATION MESSAGE 3024, THE BANDWIDTH OF MATRIX **** EXCEEDS 

THE MAXIMUM BANDWIDTH. A MAXIMUM BANDWIDTH OF **** WILL BE USED. 

This message indicates that a matrix has scattered terms way off the 
diagonal (i.e., a large bandwidth). Instead of searching all combi- 
nations of B and C, the search is started at the maximum bandwidth. 

3025 *** SYSTEM FATAL MESSAGE 3025, ILLEGAL INDEX IN ACTIVE R0W 0R COLUMN 

CALCULATION IN ****. 


Possible machine error. Rerun problem. If error persists, a code 
error exists in the decomposition routine. 

3026 *** SYSTEM FATAL MESSAGE 3026, MATRIX **** EXCEEDS MAXIMUM ALLOWABLE 

SIZE FOR BANDWIDTH PLUS ACTIVE COLUMNS. BMAX = ****, CMAX = ****. 

Sufficient space was not reserved for the generation of the B versus C 
vector. SDC0MP should be recompiled to increase BMAX and CMAX. 


3027 *** USER INFORMATION MESSAGE 3027, **** DECOMPOSITION TIME ESTIMATE 
IS ******** SECONDS. 


Gives the estimated time required for a decomposition in seconds and 
the type of matrix (i.e., complex, real (double or single precision), 
symmetric, or unsymmetric) . 
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3028 *** USER INFORMATION MESSAGE 3028, B = ****, BBAR = ****, C = ****, 

CBAR = ****, R = ****. 

Gives the upper bandwidth (B) , lower bandwidth (BBAR) , number of 
active columns (C) , and active rows (CBAR) used in the unsymmetric 
decomposition. 

3029 *** SYSTEM FATAL MESSAGE 3029, PHYSICAL END-0F-FILE ENCOUNTERED ON 

DATA SET **** (FILE ****) . 

Since logical end of files are used by GIN0, a physical end of file 
indicates an attempt to read beyond valid data. 

3032 *** USER FATAL MESSAGE 3032, UNABLE T0 FIND SELECTED SET (****) IN TABLE 
(****) IN SUBROUTINE. 

A particular set used in the problem was not included in the data. 

Good examples are loads, initial conditions, or frequency sets. 

Include the required data or change the case control deck to select 
data already in problem. Set zero has a special meaning. A set 
selection was required, but none was made. For example, no METHOD 
was selected for an eigenvalue extraction problem. 

This message can also indicate that a LOAD card has referenced another 
L0AD card, which is not permitted. 

3034 *** USER WARNING MESSAGE 3034, ORTHOGONALITY CHECK FAILED, LARGEST 

TERM = **** EPSI = ****. 

The off-diagonal terms of the modal mass matrix are larger than the 
user input criteria on the EIGB or EIGR bulk data card. The eigen- 
vectors are not orthogonal to this extent. This nonorthogonality is 
especially important if a modal formulation is contemplated. 

3035 *** USER INFORMATION MESSAGE 3035, FOR L0AD ** EPSIL0N SUB E = *****. 

This is an informative message reflecting the accumulated round-off 
error of the static solution. 

3037 *** SYSTEM FATAL MESSAGE 3037, JOB TERMINATED IN SUBROUTINE ****. 

This message designates the subroutine in which the program terminated 
It should be preceded by a user message which explains the cause of 
the termination. The module in which the program terminated can be 
found by examining the on-line time messages. 

3038 *** SYSTEM FATAL MESSAGE 3038, DATA SET *** D0ES NOT HAVE MULTIREEL 

CAPABILITY. 


Computer hardware or software does not support multireel files 


3039 *** SYSTEM FATAL MESSAGE 3039, ENDSYS CANN0T FIND SAVE FILE. 

File cannot be found to save and restore executive tables during 
link switching. 

3040 *** SYSTEM FATAL ^ MESSAGE 3040, ATTEMPT T0 WRITE DATA SET ******** (file ***) 

WHEN IT IS AN INPUT FILE. 

Input data blocks for a module (100 .LT. NAME .LT. 200) may be read 
only. 

3045 *** USER WARNING MESSAGE 3045, INSUFFICIENT TIME T0 COMPLETE THE 
REMAINING ** S0LUTI0N (S) IN M0DULE ***. 

The time specified on the NASTRAN TIME card has expired in the named 
module. The module will be terminated. NASTRAN will continue 
running until the time on the job card expires. Rerun problem with 
increased time. 

3048 *** SYSTEM FATAL MESSAGE 3048, BUFFER C0NTR0L W0RD INC0RRECT F0R 

GIN0 **** 0PERATI0N 0N DATA BL0CK ****. 

The buffer control word has been destroyed outside of GIN0 or an 
attempt to READ a file opened to WRITE or similar error has occurred. 

3049 *** SYSTEM FATAL MESSAGE 3049, GIN0 UNABLE T0 P0SITI0N DATA BL0CK **** 

C0RRECTLY DURING **** 0PERATI0N. 

A block number read does not match the expected block number. The 
file has been repositioned outside the GIN0 environment or a machine 
or operating system error has occurred. 

3050 *** USER FATAL MESSAGE 3050, INSUFFICIENT TIME REMAINING F0R 

DEC0MP0SITI0N , ****. TIME ESTIMATE IS **** SEC0NDS . 

The time estimated for a decomposition exceeds the remaining time. 
Increase the time estimate for the run. 

3054 *** USER WARNING MESSAGE 3054, THE ACCURACY 0F EIGENVECT0R **** 
C0RRESP0NDING T0 THE EIGENVALUE **** IS IN D0UBT. 

The eigenvector failed to converge in the allowable number of itera- 
tions. Particular attention should be given to the off-diagonal terms 
of the modal mass matrix (MI) to determine if this vector is orthogonal 
to the remaining vectors. These terms will be computed and checked 
if field 9 on the EIGR card contains a nonzero value. The message is 
expected in the case of close or multiple eigenvalues even though the 
vectors are properly computed. 
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3055 *** USER FATAL MESSAGE 3055, AN ATTEMPT T0 MULTIPLY 0R MULTIPLY AND ADD 

N0N-C0NF0RMAB LE MATRICES T0GETHER WAS MADE IN M0DULE ******. 

The multiply/add subroutine requires conformable matrices. There are 
two possible equations: 

1* M = [a] [b] + [c] 

The number of columns of [a] must be equal to the number of rows 

of [b] ; the number of columns of [c] must be equal to the number 

of columns of [b] ; and the number of rows of [c] must be equal 
to the number of rows of [a] . 

2. H = [A] T [B] + [C] 

The number of rows of [a] must be equal to the number of rows 
of [bJ ; the number of columns of [c] must be equal to the num- 
ber of columns of [b] ; and the number of rows of [c] must be 

equal to the number of columns of [a] . 

3056 *** USER FATAL MESSAGE 3056, N0 MASS MATRIX IS PRESENT BUT MASS DATA IS 

REQUIRED. 

An operation with the mass matrix is required, but none was created. 

A typical cause is the omission of RH0 on the MAT1 card. 

3057 *** USER FATAL MESSAGE 3057, MATRIX **** IS N0T P0SITIVE DEFINITE. 

A Cholesky decomposition was attempted on the above matrix, but 
a diagonal term was negative or equal to zero such that the 
decomposition failed. 

3058 *** USER WARNING MESSAGE 3058, EPSIL0N IS LARGER THAN **** F0R 

SUBCASE ****. 

The error residual (either ££ or 
{u} T {6 p} 

e = is larger than would be expected for a well- 

{P) T {u} 

conditioned problem. Near singularities may exist. 

3082 *** USER WARNING MESSAGE 3082, M = **********, N = *********** 

More than one n-set degree of freedom is associated with an m-set 
degree of freedom. The term associated with the m-n indices given 
in the message is ignored. 
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3083 *** USER FATAL MESSAGE 3083, UM P0SITI0N = **********, SIL = *********** 

An m-set degree of freedom is not expressed in terms of an n-set 
degree of freedom. 

3093 *** SYSTEM FATAL MESSAGE 3093, ELEMENT = ******** REAS0N = ******. 

1. Less than 2 points have been referenced. 

2. Unable to locate SIL value. 

3. Unrecognized form for element. 

4. Illegal number of points for this form of the element. 

3097 *** USER FATAL MESSAGE 3097, C0LUMN ****** IS SINGULAR. SYMMETRIC 
********** DEC0MP. 

When a matrix being read in is singular (null column or, for symmetric 
decomposition, a zero diagonal) , the internal column number and type 
of decomposition are identified. The message does not appear for 
special cases, such as less than three columns, or for proportional 
rows. 

3131 *** USER FATAL MESSAGE 3131, INPUT STIFFNESS AND MASS MATRICES ARE N0T 
C0MPATIBLE. 

The matrices must be the same size to properly perform matrix 
operations. 

4028 *** USER FATAL MESSAGE 4028, THE C0DE F0R GRID P0INT ********** D0ES 
N0T MATCH THE C0DE F0R GRID P0INT **********. 

A GRID point on SIDE 1 must be connected to a GRID point on SIDE 2 and 
a SCALAR point on SIDE 1 must be connected to a SCALAR point on 
SIDE 2. 

4066 *** USER FATAL MESSAGE 4066, SEC0ND 0UTPUT DATA BL0CK MUST N0T BE PURGED. 

The transformation matrix between physical and symmetric components 
does not exist. Insure that the number of case control subcases is 
specified correctly and that the component loads are properly 
ordered. 

4090 *** USER FATAL MESSAGE 4090, 0NE 0F THE F0LL0WING N0N-ZER0 

IDENTIFICATION NUMBERS APPEARS 0N S0ME C0MBINATI0N GRID BULK 
DATA CARDS. ID = XXX, ID = XXX, ID = XXX. 

All GRID data cards should have unique identification numbers. 
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6007 *** SYSTEM FATAL MESSAGE 6007, IMPR0PER FILE SETUP F0R ****. 

An external input/output operation has been defined, but the file is 
missing or the card is improper. 

6010 *** SYSTEM FATAL MESSAGE 6010, ILLEGAL VARIABLE T0 BE SET IN DMAP 
STATEMENT, (N) . 

The system has encountered an illegal type of word to be inserted 
in a DMAP sequence. Could possibly occur if a floating point number 
were used instead of an integer on an input card. 

6015 *** USER FATAL MESSAGE 6015, T00 MANY CHARACTERS T0 BE INSERTED IN A 

DMAP LINE. N=*** . 

A BCD word has been defined with too many characters to fit the space 
in the DMAP. (Usual limit is eight.) Message could also occur if 
block data subprogram ASDBD has an error. 

6016 *** USER FATAL MESSAGE 6016, T00 MANY DIGITS T0 BE INSERTED IN DMAP 

VALUE= ***. 

An integer is limited to eight digits. 


6.4 Analysis Error Messages 

A number of fatal errors are detected by DMAP statements. These messages 
indicate the presence of fatal user errors that either cannot be determined by 
the functional modules or that can be more effectively detected by DMAP state- 
ments. The detection of such an error causes a transfer to a LABEL instruction 
near the end of the rigid format. The text of the message is output and the 
execution is terminated. These messages will always appear at the end of the 
NASTRAN output. 


6.4.1 Error Messages for Static Analysis 

N0. 1 - ATTEMPT T0 EXECUTE M0RE THAN 100 L00PS. 

An attempt has been made to use more than 100 different sets of 
boundary conditions. This number may be increased by altering 
the REPT instruction following SDR1. 

N0. 2 - MASS MATRIX REQUIRED F0R WEIGHT AND BALANCE CALCULATIONS. 

The mass matrix is null because either no elements were defined with 
connection cards, nonstructural mass was not defined on a property 
card, or the density was not defined on a material card. 
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N0. 3 ■ 

N0. 4 ■ 
N0. 5 

6.4.2 Error 
N0. 1 


N0. 2 
N0. 3 


6.4.3 Error 
N0. 1 

N0. 2 


N0 INDEPENDENT DEGREES 0F FREED0M HAVE BEEN DEFINED. 

Either no degrees of freedom have been defined on GRID, SP0INT, 
or scalar connection cards or all defined degrees of freedom have 
been constrained by SPC, SUP0RT, or gfcllT cards. 

N0 ELEMENTS HAVE BEEN DEFINED. 

The stiffness matrix is null because no elements have been defined 
on connection cards. 

A L00PING PR0BLEM RUN 0N N0N-L00PING SUBSET. 

A problem requiring boundary condition changes was run on sub- 
sets 1 or 3. The problem should be restarted on subset 0. 


Messages for Vibration Analysis 

■ MASS MATRIX REQUIRED F0R REAL EIGENVALUE ANALYSIS. 

The mass matrix is null because either no structural elements were 
defined with connection cards, nonstructural mass was not defined 
on a property card, or the density was not defined on a material 
card . 

■ EIGENVALUE EXTRACTI0N DATA REQUIRED F0R REAL EIGENVALUE ANALYSIS. 

Eigenvalue extraction data must be supplied on an EIGR card and 
METH0D must select an EIGR set in the case control deck. 

■ N0 INDEPENDENT DEGREES 0F FREED0M HAVE BEEN DEFINED. 

No degrees of freedom have been defined on GRID cards or all 
defined degrees of freedom have been constrained by SPC, SUP0RT, or 
0MIT cards. 


Messages for Buckling Analysis 

• N0 STRUCTURAL ELEMENTS HAVE BEEN DEFINED. 

The differential stiffness matrix is null because no structural 
elements have been defined with connection cards. 

• FREE B0DY SUPP0RTS N0T ALL0WED. 

Free bodies are not allowed in buckling analysis. The SUP0RT 
cards must be removed from the bulk data deck and other con- 
straints applied if required for stability. 
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N0. 3 


N0. 4 


N0. 5 


N0. 6 


- EIGENVALUE EXTRACTION DATA REQUIRED F0R REAL EIGENVALUE 
ANALYSIS . 

Eigenvalue extraction data must be supplied on an EIGB card and 
METH0D must select an EIGB set in the case control deck. 

- N0 EIGENVALUES F0UND. 

No buckling modes exist in the range specified by the user. 

- MASS MATRIX REQUIRED FOR WEIGHT AND BALANCE CALCULATIONS. 

The mass matrix is null because either no elements were defined 
with connection cards, nonstructural mass was not defined on a 
property card, or the density was not defined on a material 
card. 

- NO INDEPENDENT DEGREES OF FREEDOM HAVE BEEN DEFINED. 

No degrees of freedom have been defined on GRID cards or all 
defined degrees of freedom have been constrained by SPC or 0MIT 
cards . 
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SAMPLE PROBLEMS 

This appendix describes how to use a DMAP sequence to perform three types 
of analysis and presents a demonstration problem for matrix operations and data 
block manipulation. The three types of analysis are static analysis, vibration 
analysis, and buckling analysis. Each of the four problems is divided into the 
model, the DMAP sequence, a description of the major steps in the sequence, and 
a sample problem with output. The fourth problem has no model. To save space, 
the output of each problem has been compacted so that two to four pages of 
normal output are printed on one page in this guide. 

The output for load vectors, displacement vectors, eigenvectors, and 
forces of SPC are under the headings Tl, T2, T3, Rl, R2, and R3. These head- 
ings are equivalent to displacement at X, Y, and Z and rotation about X, Y, 
and Z. The stresses output for the BAR element are under the headings SA1, 

SB1, SA2, SB 2, SA3, SB 3, SA4, and SB 4. These symbols refer to the stress 
recovery coefficients on the PBAR card, where the subscript 1 is associated 
with the distance of a stress recovery point from plane 2 and the subscript 2 
is associated with the distance from plane 1. The eigenvalue output is 
straightforward to read. 


Static Analysis 

This problem is a static analysis of the deflection of a uniform beam. 


Model 
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Subcase 1.- Cantilever beam subjected to concentrated force 



Subcase 2.- Cantilever beam under moment of free end. 

I 



Subcase 3.- Simply supported beam with concentratd force. 
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Static Analysis DMAP Sequence 


1 . 

XDMAP 

2. 

FILE 

3. 

FILE 

4. 

GP1 

5. 

GP2 

6. 

PAR AML 

7. 

PURGE 

8. 

COND 

9. 

PLTSET 

10. 

PRTMSG 

11. 

PARAM 

12. 

PARAM 

13. 

COND 

14. 

PLOT 

15. 

PRTMSG 

16. 

LABEL 

17. 

GP3 

18. 

PARAM 

19. 

T A 1 

20. 

PARAM 

21. 

COND 

22. 

PURGE 

23. 

PARAM 

24. 

COND 

25. 

PARAM 

26. 

EQUI V 

27. 

EMG 


28. 

COND 

29. 

EMA 

30. 

LABEL 

31. 

COND 

32. 

EMA 

33. 

LABEL 

34. 

PARAM 

35. 

JUMP 

36. 

LABEL 

37. 

GP4 


38. 

COND 

39. 

PARAM 

40. 

PURGE 

41. 

GPSP 

42. 

COND 

43. 

OFP 


ERR=2, LIST, REF $ STATIC ANALYSIS 

0PTP2=SAVE/ESTl=SAVE S 

OG=APPEND/PGG=APPEND/UGV=APPEND/GM=SAVE/KNN=SAVE S 

GE0M1 ,GEOM2 ,/GPL , EQEX I N , GPDT , C S TM , BGPD T , S I L /S ,N,LUSET/ V',N, 

NGGPDT/V,N, ALWAYS=-1 $ 

GEOM2,EQEXIN/ECT £ 

PCOB//C,N, PRES/C, N,/C,N,/C,N,/V,N,NOPCDB $ 
PLTSETX,PLTPAR,GPSETS,ELSETS/NOPCDB £ 

PI ,NQPCDB $ 

pcdb,eqexin,ect/pltsetx,pltpar,gpsets,elsets/s,n,nsil/ s,n, 
JUMPPLOT=-I £ 

PLTSETX// £ 

//C»N,MPY/V,N»PLTFLG/C,N, 1/C ,N, 1 £ ' 

//C,N,MPY/V,N,PFILE/C,N,0/C,N,0 £ 

PI, JUMPPLOT £ 

PLTPAR,GPSETS,ELSETS,CASECC , BGPDT , EQEX I N , S I L , , , ,/PLOTXl/ V,N, 

NS I L/V,N,LUSET/S,N, JUMPPLOT/S , N , PLTFLG/ S , N , PF I L E $ 

PLOTX 1 / / £ 

PI £ 

GEOM3,EQEXIN,GEOM2/SLT , / S , N , NOGR AV/ V ,N , NEVER= 1 $ 

//C,N,AND/V,N, NOMGG/ V , N, NOGR AV/ V, Y,GRDPNT=-1 £ 

ECT,EPT, BGPDT, SIL, , C STM/EST ,GE I »GP ECT , / V , N , LUSET / S,N, 

NOSIMP/C ,N, I/S,N, NOGENL /S , N, GENEL $ 

/ /C, N, AND/ V, N, NOEL MT / V , N , NOGENL / V , N , NOS IMP $ 

ERR0R4,N0ELMT i 

KGGX,GPST /NOS IMP/OGPST/GENEL S 
//C,N,MPY/V,N,CARDNO/C,N,0/C,N,0 $ 

LBL 1 , NOS IMP $ 

//C,N,ADD/V»N,N0KGGX/C,N,1/C,N,0 $ 

EST ,EST1/NEVER $ 

EST,CSTM,MPT,DIT,GEOM2,/KELM,KDICT,MELM,MDICT, , /S,N,NOKGGX/ S, 
N,NOMGG/C,N,/C,N,/C,N,/C,Y,COUPMASS/C,Y,CPBAR/C , Y , C PROD/C , Y , 
CPQUAD1/C,Y,CPQUAD2/C,Y,CPTRIA1/C, Y,CPTRIA2/ C,Y,CPTIJBE/C,Y, 
CPQDPLT/C , Y, CP TRPLT/C ,Y,C PTR8 SC $ 

JMPKGG,NOKGGX S 
GPECT,KDICT,KELM/KNN ,GPST i 
JMPKGG $ 

LBL1 ,NOMGG $ 

GPECT , MDI CT ,MELM/MGG, /C , N , - 1 /C , Y , WTM A SS= I . 0 $ 

LBL I $ 

//C,N,MPY/V,N,NSKIP/C,N,0/C,N,0 $ 

LBL 1 1 $ 

LBL 1 1 $ 

CASECC,GE0M4,EQEXIN,SIL,GPDT,BGPDT,CSTM/RG,YS,USET,ASET/V,N, 

LUS ET/S,N,MPCFl/S,N,MPCF2/S,N,S 4 JNGLE/S,N, OMIT/S, N, REACT/S, N, 
NSKIP/S»N, REPEAT/S, N, NOSET /S ,N, NOL /S , N , MOA/C ,Y,SUBID $ 

ERR0R3 ,NOL t 

//C , N, AND/V , N, NOSR / V ,N,SINGLE/V,N, REACT $ 

KRR,KLR,QR, DM/R EAC T / GM/MPCF 1 / GO, KOO ,LOO , PO , (JOO V ,RUOV/OM I T/PS , 
KFS,KSS/SINGLE/QG/NOSR $ 

GPL,GPST,USET,S IL/OGPST/S ,N,NOGPST $ 

L BL4, NOGPST $ 

OGPST ,,,,,// $ 
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44. LABEL 

45. EQUIV 

46. COND 

47. SCE 1 

48. LABEL 

49. EQUIV 

50. COND 

51. SMP1 

52. LABEL 

53. EQUIV 

54. COND 

55. RBMG1 

56. LABEL 

57. RBMG2 

58. COND 

59. RBMG3 

60. LABEL 

61. SSG 1 

62. EQUIV 

63. COND 

64. COND 

65. SSG2 

66. LABEL 

67. SSG3 

68. SDR1 

69. COND 

70. REPT 

71. JUMP 

72. PARAM 

73. COND 

74. LABEL 

75. SDR2 


76. OFP 

77. COND 

78. PLOT 

79. PRTMSG 

80. LABEL 

81. JUMP 

82. LABEL 

83. PRTP ARM 

84. LABEL 

85. PRTP ARM 

86. LABEL 

87. PRTPARM 

88. LABEL 

89. PRTPARM 

90. LABEL 

91. END 


LBL4 $ 

KNN , KFF/S I NGL E £ 

LBL3, SINGLE £ 

USET,KNN, , ,/KFF,KFS,KSS, , , £ 

LBL3 £ 

KFF,KAA/OMIT £ 

LBL5,0MIT $ 

USET , KFF, t ,/GO,KAA,KOO»LOO» , , , , $ 

LBL5 $ 

KAA,KLL/REACT £ 

LBL6, REACT £ 

USET,KAA,/KLL,<LR,KRR,,, £ 

LBL6 £ 

KLL/LLL £ 

LBL7, REACT $ 

LLL*KLR»KRR/DM $ 

LBL7 £ 

SLT,BGPDT,CSTM,SIL,EST,MPT, , EDT , MGG ,C ASECC , DI T/PG/ V , N , 

LUSET/V»NtNSKIP $ 

PG, PL/NOSET $ 

LBL10, NOSET $ 

LBL10, NOSET $ 

USET, ,YS,KFS,GO,DM,PG/QR,PO,PS,PL i 
LBL10 $ 

LLL,KLL,PL,LOO,KOO,PO/ULV,UOOV,RULV,RUOV/V,N,OMIT/V,Y, IRES=-I/ 
V,N,NSKIP/S»N,EPSI $ 

USET fPGfULV, UOOV, YS , GO, , PS , KFS , KSS , QR/UGV, PGG, OG/ V, N, NSK I P/ 
C,N, STATICS $ 

LBL8, REPEAT £ 

LBLlltlOO 
ERROR 1 $ 

//C,N, NO T/V,N,TEST/V,N, REPEAT £ 

ERR0R5.TEST £ 

LBL8 $ 

C ASECC, CSTM, MPT, DIT,EQEXIN,S IL, , EDT , BGPDT , , QG, UGV , EST , 

»PGG/OPG I , OQG 1 ,OUGV 1,0ES1,0EF1, PUG V1/C*N, STATICS/S, N, 
N0S0RT2=— 1 $ 

OUGVI,OPG1,OOG1,OEF1,OES1,//S,N,CARDNO £ 

P2 , JUMPPLOT £ 

PL TP AR , GPSETS , ELS ETS , C ASECC , BGPDT , EOEX I N, S I L , PUG VI , , GPECT , OES.I / 
PL0TX2/V,N,NSIL/V,N,LUSET/V,N,JUMPPL0T/V,N,PLTFLG/S,N,PFILE $ 
PL0TX2// £ 

P2 £ 

FINIS £ 

ERROR 1 £ 

//C,N, -1/C, N, STATICS £ 

ERR0R3 £ 

//C,N, -3/C, N, STATICS £ 

ERR0R4 £ 

//C,N, -4/C, N, STATICS £ 

ERR0R5 £ 

//C,N, -5/C, N, STATICS £ 

FINIS £ 

£ 
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Description of DMAP Operations for Static Analysis 

4. GPl generates coordinate system transformation matrices, tables of grid- 
point locations, and tables for relating internal and external grid-point 
numbers. 

5. GP2 generates an element connection table with internal indices. 

8. Go to DMAP no. 16 if no plot package is present. 

9. PLTSET transforms user input into a form used to drive structure plotter. 

10. PRTMSG prints error messages associated with structure plotter. 

13. Go to DMAP no. 16 if no undeformed structure plot request. 

14. PL0T generates all requested undeformed structure plots. 

15. PRTMSG prints plotter data and engineering data for each undeformed plot 
generated. 

17. GP3 generates static loads table. 

19. TA1 generates element tables for use in matrix assembly and stress 
recovery. 

21. Go to DMAP no. 85 and print error message if no elements have been 
defined. 

24. Go to DMAP no. 33 if there are no structural elements. 

27. EMG generates structural element matrix tables and dictionaries for 
later assembly. 

28. Go to DMAP no. 30 if no stiffness matrix is to be assembled. 

29. EMA assembles stiffness matrix £ K gg] and grid-point singularity table. 

31. Go to DMAP no. 33 if no mass matrix is to be assembled. 

32. EMA assembles mass matrix £ M ggJ« 

35. Go to next DMAP instruction if cold start. 

36. Beginning of loop for additional constraint sets. 

37. GP4 generates flags defining members of various displacement sets (USET), 
forms multipoint constraint equations rRg"l/ug\ = 0, and forms enforced 
displacement vector s J 

18. Go to DMAP no. 83 and print error message if no independent degrees of 
freedom are defined. 
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41. GPSP determines if possible grid-point singularities remain. 

42. Go to DMAP no. 44 if no grid-point singularities remain. 

43. 0FP formats the table of possible grid-point singularities and places it 
on the system output file for printing. 

45. Equivalence [K nr J to [ K ff] if no single-point constraints. 

46. Go to DMAP no. 48 if no single-point constraints. 

47. SCE1 partitions out single-point constraints 


K ff i K fs 
K sf I K ss 

49. Equivalence [] K ffJ to [ K aaJ if no omitted coordinates. 

50. Go to DMAP no. 52 if no omitted coordinates. 

51. SMPl partitions constrained stiffness matrix 








~ 


Kaa 

1 

1 

1 

Kao 


K oa 

" 1 ’ 
1 
1 

Koo 


solves for transformation matrix [ G ol “ “ [Koo] C K OaJ r and performs matrix 

reduction [K aa ] = [K aa ] + [k^] [g d ] . 

53. Equivalence [K aa ] to [k££,] if no free-body supports. 

54. Go to DMAP no. 56 if no free-body supports. 

55. RBMGl partitions out free-body supports 


C K aa] - 



K U 

n 

1 


K r £ 

Krr 


57. RBMG2 decomposes constrained stiffness matrix 

58. Go to DMAP no. 60 if no free-body supports. 


[ L u] [um] * 
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59. RBMG3 forms rigid-body transformation matrix 
[d] = -[K^]" 1 ^] 
calculates rigid-body check matrix 

M = [ K rr] + [ K Ir] M 
and calculates rigid-body error ratio 


e = 





'rr 




61. SSGl generates static load vectors ^Pg^. 

62. Equivalence { p q'} to ^ p &} ^ no constraints applied. 

64. SSG2 applies constraints to static load vectors 



and calculates determinate fo 
66. SSG3 solves for displacements 


On) -(5„) ♦ [=m]{fm) 

Of} = (Pf) * Of sj Os} 

Oa} - {5a} ♦ Oo]0o} 

; of reaction {q r } = -{P r } - [ D ^]{ p Jl}* 
independent coordinates 


{ u «,} = [ k m] 1 { p 5,} 
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solves for displacements of omitted coordinates 
K> - poo] ‘>0} 

calculates residual vector (RULV) and residual vector error ratio for 
independent coordinates 


{$ p S,} " - M ( u 2,) 


= ( U ^)( 6P 0 
' {« }{<*> 

and calculates residual vector (RU0V) and residual vector error ratio for 
omitted coordinates 

{<5Po} = { p o} “ [Koo] {%} 

= ( U °}( 5Pq ) 

( P o) { u o} 

67. SDR1 recovers dependent displacements 



{ u m} = pm] 


Oo) = [ G o]( u a) + K) 



and recovers single-point forces of constraint 
(is) - -ps) + [*fe]{»f) + MOs) 
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68. Go to DMAP no. 73 if all constraint sets have been processed. 

69. Go to DMAP no. 36 if additional sets of constraints need to be processed. 

70. Go to DMAP no. 81 and print error message if number of loops exceeds 100. 

72. Go to DMAP no. 87 and print error message if multiple boundary conditions 

are attempted with improper subset. 

74. SDR2 calculates element forces and stresses (0EF1, 0ES1) and prepares 
load vectors, displacement vectors, and single-point forces of constraint 
for output (0PG1, 0UGV1, PUGV1, 00G1) . 

75. 0FP formats tables prepared by SDR2 and places them on the system output 
file for printing. 

76. Go to DMAP no. 79 if no deformed structure plots are requested. 

77. PL0T generates all requested deformed structure plots. 

79. PRTMSG prints plotter data and engineering data for each deformed plot 
generated . 

80. Go to DMAP no. 89 and make a normal exit. 

82. STATIC ANALYSIS ERR0R MESSAGE N0. 1 - ATTEMPT T0 EXECUTE M0RE THAN 
100 L00PS . 

84. STATIC ANALYSIS ERR0R MESSAGE N0. 3 - N0 INDEPENDENT DEGREES 0F 
FREED0M HAVE BEEN DEFINED. 

86. STATIC ANALYSIS ERR0R MESSAGE N0. 4 - N0 ELEMENTS HAVE BEEN DEFINED. 

88. STATIC ANALYSIS ERR0R MESSAGE N0. 5 - A L00PING PR0BLEM RUN 0N N0N- 
L00PING SUBSET. 


Static Analysis Sample Problem 


JANUARY 2 It 1977 NASTRAN 1/ 1/77 PAGE 1 


NASTRAN EXECUTIVE CONTROL DECK ECHO 


ID HINITRAN.DEHO-l 

APP OMAP 

XDNAP ERR=2, LIST, REF J STATICS ANALYSIS 

tSEE NASTRAN SOURCE PROGRAM COMPILATION FOR LISTING OF DMAP SEQUENCE ) 

END S 

TIME 3 

DIAG 1 

CEND 
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DEMONSTRATION 

PROBLEM - 

STATIC ANALYSIS 

JANUARY 21, 1977 

NASTRAN 1/ 1/77 

PAGE 

2 

OEFLECTION OF 

A UNIFORM 

BEAM 






CASE CONTROL DECK ECHO 

CARO 

COUNT 

1 TITLE = DEMONSTRATION PROBLEM - STATIC ANALYSIS 

2 SUBTITLE = DEFLECTION OF AN UNIFORM BEAM 

3 ECHO = BOTH 

<4 LINE = 40 

5 OUTPUT 

6 SET 3 = 1.6. 7,8*10 

7 OISP = ALL 

6 OLOAO * ALL 

9 SPCF = ALL 

10 STRESS = 3 

11 SUBCASE 1 

12 LABEL = CANTILEVER BEAM SUBJECTED TO CONCENTRATED FORCE 

13 SPC = 10 

14 LOAO =10 

15 SUBCASE 2 

16 LABEL = CANTILEVER BEAM UNDER MOMENT AT FREE ENO 

17 SPC = 10 

18 LOAO =12 

19 SUBCASE 3 

20 LABEL = SIMPLY-SUPPORTED BEAM WITH CONCENTRATED FORCE 

21 SPC = 1 

22 LOAO = 20 

23 BEGIN BULK 


DEMONSTRATION PROBLEM - STATIC ANALYSIS JANUARY 21. 1977 NASTRAN 1/ 1/77 PAGE 3 

DEFLECTION OF A UNIFORM BEAM 




I N P 

U T B 

U L K O 

A T A 

O E C 

K EC 

M O 

. 1 

.. 2 

.. 3 

.. 4 

.. 5 . 

. 6 

.. 7 

.. 6 

. . 

$ STRUCTURAL 

ELEMENTS 







CBAR 

1 

39 

1 

2 

0.0 

1.0 

0.0 

1 

CBAR 

2 

39 

2 

3 

0.0 

1.0 

0.0 

1 

CBAR 

3 

39 

3 

4 

0.0 

l.D 

0.0 

1 

CBAR 

4 

39 

4 

5 

0.0 

1.0 

0.0 

1 

CBAR 

5 

39 

5 

6 

0.0 

1.0 

0.0 

1 

CBAR 

6 

39 

6 

7 

0.0 

1.0 

0.0 

1 

CBAR 

7 

39 

7 

8 

0.0 

1.0 

0.0 

1 

CBAR 

8 

39 

8 

9 

0.0 

1.0 

0.0 

1 

CBAR 

9 

39 

9 

10 

0.0 

1.0 

0.0 

1 

CBAR 

10 

39 

10 

11 

0.0 

1.0 

0.0 

1 

CNGRNT 

1 

2 

thru 

10 





PBAR 

39 

72 

16.0 

54.0 





♦ 8 

3.0 

0.0 







MAT 1 

72 

1.0*6 







% GEOMETRY 








GRID 

1 


0.0 




1345 


GRID 

2 


24.0 




1345 


GRID 

3 


46.0 




1345 


GRIO 

4 


72.0 




1345 


GRID 

5 


96.0 




1345 


GRIO 

6 


120.0 




1345 


GRIO 

7 


144.0 




1345 


GRID 

8 


168.0 




1345 


GRID 

9 


192.0 




1345 


GRIO 

10 


216.0 




1345 


GRIO 

11 


240.0 




1345 


S CONSTRAINT 

AND LOADING FOR ' 

CASE 1 





SPC 

10 

1 

26 






FORCE 

10 

9 


30.0 

0.0 

-1.0 

0.0 


$ LOADING FOR 

CASE 2 







MOMENT 

12 

11 


2100.0 

0.0 

0.0 

-1.0 


S CONSTRAINT 

AND LOADING FOR ■ 

CASE 3 





SPC 

20 

1 

2 






SPC 

21 

11 

2 






SPCAOO 

1 

20 

21 






FORCE 

20 

7 


-240.0 

0.0 

1.0 

0.0 



ENDDATA 

TOTAL COUNT= 38 
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**N0 ERRORS FOUND - EXECUTE NASTRAN PROGRAM** 

••* SYSTEM INFORMATION MESSAGE 3113* E MGPRO PROCESSING SINGLE PRECISION ELEMENTS OF TYPE ' 34 STARTING WITH 10 i 

•*• SYSTEM INFORMATION MESSAGE 3107. EMGOLO IS PROCESSING ELEMENTS OF TYPE * 34, BEGINNING WITH ELEMENT 10 » 1 

•••USER INFORMATION MESSAGE 3023— PARAMETERS FOR SYMMETRIC OECOMPO SITION OF OA TA BLOCK KLL ( N = Zl | 

TIME ESTIMATES 1 C AVG * 3 PC AVG * 0 SPILL GROUPS * 0 S AVG = 

ADDITIONAL CORE* -16406 C HAX = 4 PCMAX =0 PC GROUPS = 0 PREFACE LOOPS = 

MPYAD — NULL MATRIX PROOUCT 

METHOD 1 NT *NBR PASSES = 1»EST. TIME * 00. G. 


••• USER INFORMATION MESSAGE 3035 

FOR LOAD 1 EPSILON SUB E = -2. 51 750 0 3E- 11 

••• USER INFORMATION MESSAGE 3035 

FOR LOAD 2 EPSILON SUB E = - i. 592R49 7E-1 1 


MPYAD — NULL MATRIX PRODUCT 

METHOO 2 T »NBR PASSES = l.EST. TIME * 00.0 


•••USER INFORMATION MESSAGE 302 3- -PAR A METERS FOR SYMMETRIC DECOMPOSITION OF DATA BLOCK KLL ( N = 20 > 


TIME ESTIMATE= 1 

C AVG = 

3 

PC AVG - 

0 SPILL 

GROUPS - 

0 S AVG 

ADDITIONAL CORE = -16406 

C MAX * 

4 

PCMAX = 

0 PC 

GROUPS = 

0 PREFACE LOOPS 


MPYAO-- 

NULL 

MATRIX PRODUCT 





METHOD 

1 NT, 

>NBR PASSES = l.EST. 

. TIME = 

00.0 



•*• USER INFORMATION MESSAGE 3035 


FOR LOAD 3 EPSILON SUB E = - 7 . 993 65 84E- 1 2 

MPY AD--NULL MATRIX PRODUCT 

METHOO 2 T , NBR PASSES = l.EST. TIME = 00.0 

••• SYSTEM WARNING MESSAGE 3022 

DATA BLOCK PL TPAR IS REQUIRED AS INPUT AND IS NOT OUTPUT BY A PREVIOUS MODULE IN THE CURRENT DMAP ROUTE. 
•*• SYSTEM WARNING MESSAGE 3022 


DATA BLOCK GPSETS IS REQUIRED 
••• SYSTEM WARNING MESSAGE 3022 

DATA BLOCK ELSETS IS REQUIRED 


AS INPUT AND IS NOT OUTPUT BY A PREVIOUS MODULE IN 
AS INPUT ANO IS NOT OUTPUT 0Y A PREVIOUS MODULE IN 


THE CURRENT DMAP ROUTE. 
THE CURRENT OMAP ROUTE. 
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DEFLECTION OF A UNIFORM BEAM 


CANTILEVER BEAH SUBJECTED TO CONCENTRATED FORCE 


SUBCASE 1 


DISPLACEMENT 


VECTOR 


ID. 

TYPE 

T 1 

T2 


1 

G 

0.0 

0.0 

0.0 

2 

G 

0. Q 

-2.944000E-02 

0.0 

3 

G 

0.0 

*1. 12640 0E- 0 1 

0.0 

4 

G 

0.0 

-2 • 4 192 0 OE-0 1 

0.0 

5 

G 

0.0 

-4. 0960 QOE-0 1 

0.0 

6 

G 

0.0 

-6. 080000 E-01 

0.0 

7 

G 

0.0 

-8.294400E-01 

0.0 

8 

G 

0. 0 

-1 . 066240 E* 00 

0.0 

9 

G 

0.0 

-1.31Q 720E*00 

0.0 

10 

G 

0.0 

-1 * 55640OE + 00 

0.0 

11 

G 

0.0 

-1.802240E*00 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


R2 


R3 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

-2.400000E-03 
*4. 480000 E- 03 
-6. 24GQQ 0E-03 
-7 .6 80 000 E- 03 
-8 . 8 0 0 00 0 E-0 3 
-9.6 0Q000E-03 
-1. 0 08000E-0Z 
-1. 024000E-02 
-1. 024000E-02 
-1.0240QQE-02 


DEMONSTRATION PROBLEM - STATIC 

ANALYSIS 



JANUARY 

21, 1977 

NASTRAN 1/ 1/77 

PAGE 

DEFLECTION 

OF A 

UNIFORM BEAM 








CANTILEVER 

BEAM 

UNDER MOMENT AT 

FREE ENO 





SUBCASE 2 




O I S P L A 

CEMENT 

V E C 

TOR 




POINT ID. 

TYPE T 1 

T2 

T 3 


R1 

R2 

R3 


1 

G 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 


2 

G 

0.0 

-1.120000E-02 

0.0 

0.0 


0.0 

-9i 333333E-04 


3 

G 

0.0 

-4.480000 E- 02 

0.0 

0.0 


0.0 

-1 • 666667E-Q 3 


4 

G 

0.0 

-1.0 08 QOQE-01 

0.0 

0.0 


0.0 

-2.800000E— 03 


5 

G 

0.0 

-1.792000 E-01 

0.0 

0.0 


0.0 

-3.7 33333E-0 3 


6 

G 

0.0 

-2. 8 00 0 OOE-Ol 

0.0 

0.0 


0.0 

-4.666667E-03 


7 

G 

0.0 

-4. 03200 0 E-01 

0.0 

0.0 


0.0 

-5. 600 00 QE-0 J 


8 

G 

0.0 

-5 .488 0 OOE-0 1 

0.0 

0.0 


0.0 

-6 . 5 33333E-03 


9 

G 

0.0 

-7.168000 E- 01 

0.0 

0.0 


0.0 

-7.466667E-03 


10 

G 

0.0 

-9.072000E-01 

0.0 

0.0 


0.0 

-8.400000E-03 


11 

G 

0.0 

-i • 120 000E + 00 

0.0 

0.0 


0.0 

-9 . 333333E-0 3 
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DEFLECTION OF A UNIFORM BEAM 

SIMPLY-SUPPORTED BEAM WITH CONCENTRATED FORCE SUBCASE 3 

DISPLACEMENT VECTOR 


POINT ID. 

TYPE 

T 1 

T 2 

T3 

Rl 

R2 

R3 

1 

G 

0.0 

0.0 

0.0 

0.0 

0.0 

-i • 4336Q0E-0 2 

2 

G 

0.0 

-3. 399660 E- 01 

0.0 

0.0 

0.0 

-1. 38240 0E- 02 

' 3 

G 

0.0 

-6.5536Q0E-Q1 

0.0 

0.0 

0.0 

-1. 22880 0E-02 

L 

G 

0.0 

-9.216000E-01 

0.0 

0.0 

0.0 

-9.7 2600 OE-O 3 

5 

G 

0.0 

-1. 114112E+00 

0.0 

0.0 

0.0 

-6 • 14400 OE-O 3 

6 

G 

0.0 

-1.2Q6320E+00 

0.0 

0.0 

0.0 

-1.5 3600 OE-O 3 

7 

G 

0.0 

-1.179648E+0C 

0.0 

0.0 

0.0 

4. 096 00 DE-Q 3 

6 

G 

0.0 

-1. 013760 E* 00 

0.0 

0.0 

Q.O 

9. 472QQQE-03 

9 

G 

0.0 

-7. 372 800E- 01 

0.0 

0.0 

0.0 

1.331200E-02 

10 

G 

0.0 

-3. 8707 20 E-Q 1 

0.0 

0.0 

0.0 

1 . 56160 OE-O 2 

11 

G 

0.0 

0.0 

0.0 

0.0 

0.0 

1. 636400E-02 


DEMONSTRATION PROBLEM - STATIC ANALYSIS 
DEFLECTION OF A UNIFORM BEAM 

CANTILEVER BEAM SUBJECTED TO CONCENTRATED FORCE 


JANUARY 21, 1977 NASTRAN 1/ 1/77 


SUBCASE 1 


LOAD VECTOR 


POINT ID. TYPE 
9 G 


T1 

0.0 


T 2 T3 

-3.0 00 0 OOE + Q 1 0.0 


R1 

0.0 


0.0 


R2 


R3 

0.0 
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OEFLECTION OF A UNIFORM BEAM 


CANTILEVER BEAH UNDER MOMENT AT FREE ENO 


POINT ID. TYPE T 1 

11 G 0.0 


0.0 


T2 


L O A O VECTOR 


0.0 


T3 


0.0 


Ri 


0.0 


R2 


SUBCASE 2 


R3 

-2.1 OQGOOE+O 3 


DEMONSTRATION PROBLEM - STATIC ANALYSIS JANUARY 21, 1977 

OEFLECTION OF A UNIFORM BEAM 


SIMPLY-SUPPORTED BEAM WITH CONCENTRATED FORCE 

LOAD VECTOR 


POINT ID. TYPE 
7 G 


T 1 

0.0 


T2 T3 

-2.<*OOOOOE»02 0 .0 


Rl 

0.0 


0.0 


P2 


NASTRAN 1/ 1/77 PAGE 
SUBCASE 3 


0.0 


R3 


16 


DEMONSTRATION PROBLEM - STATIC ANALYSIS JANUARY 21, 1977 NASTRAN 1/ 1/77 PAGE 

DEFLECTION OF A UNIFORM BEAM 

CANTILEVER BEAM SUBJECTEO TO CONCENTRATED FORCE SUBCASE 1 

FORCES OF SINGLE-POINT CONSTRAINT 

POINT ID. TYPE T1 T2 T3 Rl R2 R3 

1 G 0.0 3.0000 00 E+01 0.0 0.0 1 0.0 5.760000E+83 


17 
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OEFLECTION OF A UNIFORM BEAM 

CANTILEVER BEAH UNDER MOHENT AT FREE END * SUBCASE 2 


FORCES OF SINGLE-POINT CONSTRAINT 


POINT IO. 

TYPE 

T1 

T2 

T3 

Rl 

R2 

R3 

1 

G 

0.0 

-6. 946540E-10 

0.0 

0.0 

0.0 

2 • 100000E+03 


16 
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DEMONSTRATION PROBLEM - STATIC ANALYSIS 
DEFLECTION OF A UNIFORM BEAM 

SIMPLY-SUPPORTED 8EAM WITH CONCENTRATED FORCE 


POINT ID. 

TYPE 

FOR 
T 1 

CES OF SINGLE- 

12 T3 

POINT 

1 

C 

0.0 

9.600000 E* 01 0.0 

0.0 

11 

G 

0.0 

1 . 4400 00E*Q 2 0.0 

0.0 


JANUARY 21, 1977 


CONSTRAIN 

R1 R2 

0.0 
0.0 


NASTPAN 1/ 1/77 PACE 
SUBCASE 3 


0.0 

0.0 


R3 
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DEMONSTRATION PROBLEM - STATIC ANALYSIS 
DEFLECTION OF A UNIFORM BEAM 

CANTILEVER BEAM SUBJECTED TO CONCENTRATED FORCE 


JANUARY 21, 1977 NASTRAN 1/ 1/77 PACE 20 

SUBCASE 1 


ELEMENT . 

SA1 


SA2 

K C » ) C 

a l r, 

S A3 

p m i 

* c 
SA4 

L c n c i a 

AXIAL 

i u v m k j 
SA-MAX 

S A- MIN 

ID. 

SB1 


SB2 


SB3 


SB4 

STRESS 

SB-MAX 

SB-MIN 

1 

3.200000E+02 

0.0 


0.0 


0.0 


0.0 

3 . 2 00 000E + 02 

0.0 


2.600000E+02 

0.0 


9.0 


0.0 



2. BOOCOOE* 02 

0.0 

6 

1 .200 Q00E + 02 

0.0 


0.0 


0.0 


0.0 

1.200000E*02 

0.0 


8 . 0 0 0 00 0E*G 1 

0. 0 


0.0 


0.0 



6. C 00 000 E* 01 

0.0 

7 

8.0 OOOQQE+-01 

0. 0 


0.0 


0.0 


0.0 

6.QOOOGOE*Q1 

0.0 


4.00000 OE >0 1 

0.0 


0.0 


0.0 



4. 0000006 ♦•01 

0.0 

8 

4.000 00 0E*0 1 

0.0 


0.0 


0.0 


0.0 

4. DOOOOQE+Ol 

0.0 


-2.06960 6E-1 0 

0.0 


0.0 


0.0 



0.0 

-2. 069606E-10 

10 

2 . C 69 60 6E-1 0 

0.0 


0.0 


0.0 


0.0 

2.0 69606E- 10 

0.0 


-4. 13921 IE— 10 

0.0 


0.0 


0.0 



0.0 

-4. 139211E-10 


DEMONSTRATION PROBLEH - STATIC ANALYSIS 
DEFLECTION OF A UNIFORM BEAM 


JANUARY 21, 1977 NASTRAN 1/ 1/77 


CANTILEVER BEAM UNOER 

MOMENT AT FREE 

END 





SUBCASE 2 




S T R e s 

S E 

S IN 

BAR E 

L E M E N T S 

< C B A R ) 


ELEMENT 

SA1 


SA2 


S A3 

SA 4 

AXIAL 

SA-HAX 

SA-MIN M.S, 

ID. 

S 81 


SB 2 


SB3 

SB4 

STRESS 

SB-MAX 

SB-MIN M.S. 

1 

1. 16666 7E*02 

0.0 


0.0 


0.0 

0.0 

1.1 66667E* 02 

0.0 


1. 166667E* 02 

0.0 


0.0 


0.0 


1.1 66667E* 0 2 

0.0 

6 

1. 16666 7E*C2 

0.0 


0.0 


0.0 

0.0 

1 . 1 66667E* 0 2 

0.0 


1 . 16666 7E *0 2 

0.0 


0.0 


0.0 


1.1 66667E+ 02 

0.0 

7 

1 • 1 66 66 7E*Q 2 

0.0 


0.0 


0.0 

0.0 

1.1 666 6 7 E ♦ 02 

0.0 


1 • 1 6666 7E*0 2 

0.0 


c.o 


0.0 


1. 166667E* 02 

0.0 

8 

l. 166667E+02 

0.0 


0.0 


0.0 

0.0 

1.166667E*02 

0.0 


1 .166667E*C2 

0.0 


0.0 


0.0 


1.1666676*02 

0.0 

1C 

1. 166667E+02 

o.o 


0.0 


0.0 

0.0 

1.166667E*02 

0.0 


1 • 1 6666 7E*0 ? 

0.0 


0.0 


0.0 


1.1 66667E* 02 

0.0 
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SIHPLY-SUPPORTEO BEAM WITH CONCENTRATED FORCE 


SUBCASE 3 





S T R E S S E 

S I N 

BAR E 

L E M E N T S 

< C 0 A R 1 


elehent 

SAl 


S A 2 

S A3 

SA4 

AXIAL 

SA-MAX 

S A— MIN 

ZD. 

S81 


S92 

S83 

S04 

STRESS 

SB-MAX 

SB-MIN 

1 

2.587007E-11 

0.0 

0.0 


0.0 

0.0 

2.5B7007E-11 

Q.O 


-1. 28 000 0E *0 2 

0.0 

0.0 


o.g 


0.0 

-1.280000E*02 

6 

-6. 4 00 00 0E + 02 

0.0 

0,0 


0.0 

0.0 

0.0 

-6 . 40 00 Q0E*0 2 


-7. 68000 0E *02 

0.0 

0.0 


0.0 


0.0 

-7. 6600 OQE *0 2 

7 

-7.680 00 0E+D2 

0.0 

0.0 


0.0 

Q.O 

0.0 

-7. 68 00 OOE *02 


-5 . 76 0 00 0E*Q 2 

0.0 

0.0 


0.0 


0.0 

-5. 7600 O0E*0 2 

8 

-5.760 0OQE*02 

0.0 

c.o 


0.0 

0.0 

0.0 

-5. 76 00 OOE*0 2 


-3.94 0 00 OE*0 2 

0.0 

0.0 


0.0 


0.0 

-3.6400 QOE*02 

10 

-1 .92000 0E*02 

0.0 

c.o 


0.0 

0.0 

0.0 

-1. 9200 OOE *02 


-5.174014E-11 

0.0 

0.0 


0.0 


0.0 

-5. 17 40 14E-11 
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Vibration Analysis 


This problem is a vibration analysis of a cantilever beam. 


Model 


2 3 4 5 6 7 8 9 10 11 12 13 






1 9 w 

1 1 * 

0 . i m 



0 • 01 in 



0.06 m 


Vibration Analysis DMAP Sequence 


1. XDMAP 

2. FILE 

3. GP1 

4. GP2 

5. PARAML 

6. PURGE 

7. COND 

8. PLTSET 

9. PRTMSG 

10. PARAM 

11. PARAM 

12. COND 

13. PLOT 

14. PRTMSG 

15. LABEL 

16. TA1 

17. COND 

18. PURGE 

19. PARAM 

20. PARAM 

21. EMG 


ERR=2, LIST, REF $ VIBRATION ANALYSIS 
LAMA=APPEND/PHIA=APPEND i 

GEOM1 ,GE0M2,/GPL, EQEX I N, GPDT , C STM, BGPDT , S I L /S , N , LUSET/ V,N, 
NOGPDT $ 

GE0M2,EQEXIN/ECT $ 

PCDB//*PRES*////NOPCDB $ 

PLTSETX,PLTPAR,GPSETS,ELSETS/NOPCOB S 

Pl,NOPCDB $ 

PCD8»EQEXIN ,'ECT/P-LTSETX ♦ PLTPAR , GPSETS , ELSETS/S,N,NSIL/S,N, 
JUMPPLOT=— 1 $ 

PLTSETX// $ 

//*MPY*/PLTFLG/1/1 $ 

//*MPY*/PFILE/0/0 $ 

P 1 , JUMPPLOT $ 

PLTPAR, GPSETS, ELSETS.C AS ECC, BGPDT, EOEXIN,SIL/ 

PLOTX 1/NS I L/LUSET/S ,N, JUMPPLOT/S ,N , PLTFLG/S , N , PF I L E $ 

PL0TX1// $ 

PI $ 

ECT,EPT, BGPDT, SIL, ,CSTM/EST»GEI»GPECT,/V»N, LUSET/ S,N, 
NOS IMP/C , N , 1 /S , N,NOGENL /S ,N,GENEL $ 

ERROR l,NOSIMP $ 

OGPST/GENEL $ 

//C,N,ADD/V , N, NOKGGX /C»N* 1/C,N,0 $ 

/ /C*N,ADD/V,N,NOMGG/C ,N,1/C,N,0 $ 

ESI, CSTM, MP T, DI T, GE0M2,/KELM,KD I CT,MELM,MD ICT, ,/S,N, NOKGGX/ S, 
N,NOMGG/C,N,/C,N,/C ,N,/C , Y,COUPMASS/C,Y ,CPBAR/C , Y , CPROD/C , Y , 
CPQUAD1/C,Y,CPQUAD2/C,Y,CPTR I A1 /C , Y , CPTR I A2/ C , Y , CPTUBE/C , Y , 
CPQDPLT/C,Y,CPTRPLT/C ,Y,CPTRBSC $ 
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22. COND JMPKGG,NOKGGX $ 

23. EMA GPECT,KDICT,KELM/KNN,GPST $ 

24. LABEL JMPKGG $ 

25. COND ERROR1 »NOHGG $ 

26. EMA GPECT,MDICT,MELM/MNN,/C,N,-1/C,Y,WTMASS=1.0 $ 

27. PARAM //C,N,MPY/V,N,NSKIP/C,N,0/C,N,0 $ 

28. GP4 CASECC, GE0M4,EQEXIN, SIL, GPDT,BGPDT,CSTM/RG, ,USET,ASFT/ V,N, 

LUSET/S,N,MPCFl/S,N,MPCF2/S,N,SINGLE/S,N,OMIT/S , N ,R EACT/S ,N , 
NSKIP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,SUBID S 

29. COND ERRORB ,NOL $ 

30. PURGE KRR,KLR, DM* MLR»MR/REACT/GM/MPCF1 /GO/ DM I T/KFS/SINGLE/OG/NOSET $ 

31. GPSP GPL*GPST,USET,SI L/OGPS T / S , N » NOGP ST t 

32. COND LBL4t NOGPST $ 

33. OFP OGPST, ,,,,// $ 

34. LABEL LBL4 $ 

35. EQUIV KNN,KFF/SINGLE/MNN,MFF/S INGLE i> 

36 COND LBL3 » S I NGL E $ 

37 SCE1 USET,KNN,MNN, ,/KFF,KFS, ,MFF, , $ 

38* LABEL LBL3 $ 

39 EQUIV KFF , K AA/OMI T $ 

40 EQUIV MFF , MAA/OM I T * 

41. COND LBL5,0MIT $ 

42. SMP 1 USET * KFF , , ,/GO,KAA , KOO iLDOum £ 

43. SMP2 USET ,GO,MFF/MAA $ 

44. LABEL LBL5 $ 

45. COND LBL 6 , REACT $ 

46. RBMGI USET, KAA,MAA/KLL,KLR,KRR,MLL, MLR, MRR t> 

47. RBMG2 KLL/LLL $ 

48. RBMG3 LLL ,KLR ,KRR/DM S 

49. RBMG4 DM , ML L , MLR , MRR/MR $ 

50. LABEL LBL 6 S 

51. DP D DYNAMICS,GPL,SIL,USET/GPLD,SILD,USETD, , hm , EED , EQDYN/ V , N , 

LUSET/ V , N , LUS ETD/V » N * NOT FL / V , N * NOOLT/ V , N * NOPSDL / V » N * NOFRL / V , 
N, NONLFT/V,N,NOTRL/S,N, NOE ED/C, N, / V, N,NOUE $ 

52. COND ERR0R2 ,NOEED $ 

53. PARAM //C,N,MPY/V,N,NEIGV/C,N,1/C,N,-1 $ 

54. READ K AA ,MAA , MR »DM»EED»USET ,CASECC/LAMA, PH I A ,M I ,OEIGS/C,N, MODES/S, N, 

NEIGV $ 

55. PARAM //C,N,MPY/V,N,CARDNO/C,N,0/C,N,0 $ 

56. OFP LAMA,OEIGS , , , , //S ,N , C ARDNO S 

57. COND FINIS, NEIGV $ 

58. SDR1 USET, , PHI A, ,, GO, , , KFS , , / PH I G, , OG/C , N, 1 /C , N , RE I G S 

59. PARAM //*MPY*/SIXSIL/NSIL /6 $ 

60. PARAM //*EQ*/ SCALAR /SI XSIL/LUSET * 

61. EQUIV SIL, SIP/SCALAR/ BGPDT ,BGPDP/SCALAR $ 

62. SDR2 CASECC, CSTM,MPT*DIT,EQ EXIN, SIL, ,*BGPDP, LAMA, QG,PHIG,EST,»/ , 

0QG1 ,OPHIG,OESI ,OEFI , P PH I G/C , N , RE I G $ 

63. OFP OPH I G , 0QG1 »0EF1»0ES1,,//S,N, C ARDNO $ 

64. COND P2 , JUMPPLOT $ 

65. PLOT PLTPAR, GPSETS,ELSETS, CASECC, BGPDP,EQEXIN, SIP, , PPH IG , GPECT , 

0ES1/PL0TX2/NSIL/LUSET/JUMPPL0T/PLTFLG/S,N,PFILE $ 

66 . PRTMSG PL0TX2/ / $ 

67. LABEL P2 $ 

68 . JUMP FINIS $ 
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69. LABEL 

70. PRTPARM 

71. LABEL 

72. PRTPARM 

73. LABEL 

74. PRTPARM 

75. LABEL 

76. END 


ERROR1 $ 

//C,N,-1/C,N, MODES 
ERROR2 $ 

//C,N, -2/C, N, MODES 
ERROR3 $ 

//C,N, -3/C, N, MODES 
FINIS $ 

$ 


$ 

$ 

$ 


Description of DMAP Operations for Vibration Analysis 

3. GP1 generates coordinate system transformation matrices, tables of grid- 
point locations, and tables for relating internal and external grid-point 
numbers. 

4. GP2 generates an element connection table with internal indices. 

7. Go to DMAP no. 15 if no plot package is present. 

8. PLTSET transforms user input into a form used to drive structure plotter. 

9. PRTMSG prints error messages associated with structure plotter. 

12. Go to DMAP no. 15 if no undeformed structure plot request. 

13. PL0T generates all requested undeformed structure plots. 

14. PRTMSG prints plotter data and engineering data for each undeformed plot 
generated. 

16. TA1 generates element tables for use in matrix assembly and stress recovery. 

17. Go to DMAP no. 65 and print error message if there are no structural 
elements. 

21. EMG generates structural element matrix tables and dictionaries for later 
assembly. 

22. Go to DMAP no. 24 if no stiffness matrix is to be assembled. 

23. EMA assembles stiffness matrix [ K ggJ and grid-point singularity table. 

25. Go to DMAP no. 69 and print error message if no mass matrix exists. 

26. EMA assembles mass matrix [MggJ • 

28. GP4 generates flags defining numbers of various displacement sets (USET) . 

29. Go to DMAP no. 73 and print error message if no independent degrees of 
freedom are defined. 
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31. GPSP determines if possible grid-point singularities remain. 

32. Go to DMAP no. 34 if no grid-point singularity table. 

33. 0FP formats table of possible grid-point singularities and places it on 
the system output file for printing. 

35. Equivalence rK nn ~] to f K ffl and f M nn”l to M ff| ^ no single-point, 

constraints. L J J J 

36. Go to DMAP no. 38 if no single-point constraints. 

37. SCE1 partitions out single-point constraints 


r K i - 

K ff 

| Kfs 

[_ K nnJ 

_K sf 

! K ss 

39. Equivalence [KffJ 

to 

[« 0 a] 

40. Equivalence fj 

to 

[»aa] 


and [M nn ] = 



Mff j 

Mfs 


Msf i 

M ss 


41. Go to DMAP no. 49 if no omitted coordinates. 

42. SMP1 partitions constrained stiffness matrix 




Kaa 

1 

1 

\ 

Kao 


K oa 

1 

1 

i 

K oo 


solves for transformation matrix [GqJ = — jjK oc 7] [ K oa] r and performs matrix 
reduction [K aa ] = [R aa ] + [k^] [g q ]. 

43. SMP2 partitions constrained mass matrix 


[«ff] ■ 



^aa 

1 

1 

| 

M ao 


M oa 

1 

1 

1 

M oo_ 


and performs matrix reduction 

[ M aa] = [M aa ] + fr&J to] + to] toa] + to] [«oo] [g 0 ] 
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45. Go to DMAP no. 50 if no free-body supports. 

46. RBMG1 partitions out free-body supports 




Hz 

\ Hr 

[Vl 1 — 

H Z 

1 

u 

5? 


HZ 

i «rr_ 

and (_M a aJ 

M r Z 

i M rr 


47. RBMG2 decomposes constrained stiffness matrix 

48. RBMG3 forms rigid-body transformation matrix 


[Ku] = [l*u] [u&Jl] • 


[D] - -(K U ] -1 [Kjir] 


calculates rigid-body check matrix 

DO = [ K rr] + [ K Ir] 1 ?] 

and calculates rigid-body error ratio 



49. RBMG4 forms rigid-body mass matrix 

H - [ M rr] + [«L] [°] + [° T ] [%r] + {/] [Mu] [d] 

51. DPD extracts eigenvalue extraction data from dynamics data block. 

52. Go to DMAP no. 71 and print error message if no eigenvalue extraction 
data. 

54. READ extracts real eigenvalues from the equation 
[_ K aa “ ^ M aaJ ^ u a} = ® 
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calculates rigid-body modes by finding a square matrix [<j> ro ] such that 
[mo] = [<t»ro] [ m r] [♦ro] 

is diagonal and normalized, computes rigid-body eigenvectors 



D ^ro 
*ro 


calculates modal mass matrix 

H - MkJM 

and normalizes eigenvectors according to one of the following user requests: 
Unit value of selected coordinate 
Unit value of largest component 

I 

Unit value of generalized mass 

56. 0FP formats eigenvalues and summary of eigenvalue extraction information 
and places them on the system output file for printing. 

57. Go to DMAP no. 75 and exit if no eigenvalues found. 

58. SDR1 recovers dependent components of the eigenvectors 


{*o} " [Go] (4> a ) = <(» 

fv] - On} On,} * M On} 



and recovers single-point forces of constraint ^q s } = [ K fs] T ^f} 
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61. Equivalence SIL to SIP and BGPDT to BGPDP when one or more geometric grid 
points exist. 

62. SDR 2 calculates element forces and stresses (0EF1, 0ES1) and prepares 
eigenvectors and single-point forces of constraint for output 
(0PHIG, PPHIG, 0QG1) . 

63. 0FP formats tables prepared by SDR 2 and places them on the system output 
file for printing. 

64. Go to DMAP no. 67 if no deformed structure plots are requested. 

65. PL0T generates all requested deformed structure plots. 

66. PRTMSG prints plotter data and engineering data for each deformed plot 
generated. 

68. Go to DMAP no. 75 and make normal exit. 

70. N0RMAL M0DE ANALYSIS ERR0R MESSAGE N0. 1 - MASS MATRIX REQUIRED F0R 
REAL EIGENVALUE ANALYSIS. 

72. N0RMAL M0DE ANALYSIS ERR0R MESSAGE N0. 2 - EIGENVALUE EXTRACTI0N DATA 
REQUIRED F0R REAL EIGENVALUE ANALYSIS. 

74. N0RMAL t0DE ANALYSIS ERR0R MESSAGE N0. 3 - N0 INDEPENDENT DEGREES 0F 
FREED0M HAVE BEEN DEFINED. 


Vibration Analysis Sample Problem 


JANUARY 25, 1977 NASTRAN 1/ 1/77 PACE 1 

KASTMAN EXECUTIVE CONTROL DECK ECHO 


ID HINTTRAN, CEH0-2R 

APR 0MA» 

XDMAP ERR=2, LIST, REF t VIBRATION ANALYSIS 

(SEE NASTRAN SOURCE PROGRAM COMPILATION FOR LISTING OF DMAP SEQUENCE) 
END * 

TIME 4 

CENO 


DEMONSTRATION PROBLEM - VIBRATION ANALYSIS JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 2 

CANTILEVER BEAM - SECOND OF THREE PRORLEMS 


CASE CONTROL DECK ECHO 

CARO 

COUNT 

1 TITLE = DEMONSTRATION PROBLEM - VIBRATION ANALYSIS 

2 SUBTITLE = CANTILEVER BEAM - SECOND OF THREE PROBLEMS 

3 LINE = *.0 

4 ECHO = BOTH 

5 METHOD = 12 

6 SPC = 20 

7 OUTPUT 

fl OISP = ALL 

9 BEGIN BULK 
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DEMONSTRATION PROBLEM - VIBRATION ANALYSIS JANUARY 25. 1977 NASTRAN i / 1/77 PACE 

CANTILEVER BEAM - SECOND OF THREE PROBLEMS 


INPUT BULK DATA 

• la* 2*a 3 a a 6 • • 5a* 6 

t STRUCTURAL ELEMENTS 

CBAR 11 201 1 2 0*0 

CBAR 12 201 2 3 0.0 

CBAR 13 201 3 6 0.0 

CBAR 16 201 6 5 0.0 

CBAR 15 201 5 6 0.0 

CBAR 16 201 6 7 0.0 

CBAR 17 201 7 6 0.0 

CBAR 19 201 8 9 0.0 

CBAR 19 201 9 10 0.0 

CBAR 20 201 10 11 0.0 

CBAR 21 201 11 12 0.0 

CBAR 22 201 12 13 0.0 

CNGPNT 11 12 THRU 22 

PARAN CO UP HA SSI 

PBAR 201 6 6.0-6 5.0-9 

MAT1 6 7.0*10 0.3 86.0 

S GEOMETRY 

GRIO 1 .0.0 

GRIO 2 0.1 

GRIO 3 0.2 

GRID 4 0.3 

GRIO 5 0.6 

GRIO 6 0.5 

GRIO 7 0.6 

GRID 8 0.7 

GRIO 9 0.8 

GRID 10 0.9 

GRID 11 1.0 

GRIO 12 1.1 

GRID 13 1.2 

t SUPPORT CONOITION 
SPC 20 1 26 

f EIGENVALUE METHOD 

EIGR 12 IN V 0.0 500.0 3 

♦BC MAX 

t REDUCTION OF Q.O.F. 

OMIT 13 6 2 6 3 

OMIT 56667 
OMIT 9 6 10 6 11 

LMN-iP 


• *NQ ERRORS FOUNO - EXECUTE NASTRAN PROGRAM** 

**• SYSTEM INFORMATION MESSAGE 3113* E*GPRO PROCESSING SINGLE PRECISION ELEMENTS OF TYPE 34 STARTING HITH ID 11 

••• SYSTEM INFORMATION MESSAGE 3107. EMGOLO IS PROCESSING ELEMENTS OF TYPE = 34, BEGINNING MITH ELEMENT ID * 11 

***USEP. INFORMATION MESSAGE 3023 — PARAMETERS FOR SYMMETRIC DECOMPOSITION OF DATA BLOCK KOO (Ns 12 » 


TIME ESTIMATE* 1 

C 

AVG = 


1 

PC AVG 

= 0 SPILL 

GROUPS = 

0 S AVG * 

1 

ADDITIONAL CORE* -16415 

C 

MAX - 


2 

PCMAX 

= 0 PC 

GROUPS * 

0 PREFACE LOOPS = 

1 



METHOD 

3 

T *NBR 

PASSES = 

l.EST. TIME = 

00.0 





METHOD 

1 

NT.NBR 

PASSES - 

l.EST. TIME = 

00. 0 





METHOD 

3 

T ,NB» 

PASSES - 

l.EST. TIME = 

00. 0 





method 

3 

T .NCR 

PASSES * 

l.EST. TIME = 

00. 0 




•••USER INFORMATION MESSAGE 3023 — PARAMETERS FOP SYMMETRIC DECOMPOSITION OF DATA BLOCK LAMA ( N * 1? I 

TIME ESTIMATE= 1 C AVG =6 PC AVG = 0 SPILL GROUPS =0 S AVG = 1 

ADDITIONAL CORE* -14107 C MAX » 12 PCHAX = 0 PC GROUPS * 0 PREFACE LOOPS * 1 

***US£P INFORMATION. MESSAGE 3023 — PARAMETERS FOR SYMMETRIC DECOMPOSITION OF DATA BLOCK LAMA ( N * 12 » 

TIME ESTIMATE* l C AVG =6 PC AVG = 0 SPILL GROUPS =0 S AVG * 1 

ADDITIONAL CORE* -16107 C MAX = 12 PCMAX = 0 PC GROUPS = 0 PREFACE LOOPS = 1 

•••USER INFORMATION MESSAGE 3023--P ARAMETERS FO» SYMMETRIC DECOMPOSITION OF DATA BLOCK LANA ( N = 12 > 

TINE ESTIMATE- 1 C AVG =6 PC AVG - 0 SPILL GROUPS * 0 S AVG * 1 

ADDITIONAL CORE- -16107 _C MAX * 12 PCMAX = 0 PC GROUPS = 0 PREFACE LOOPS = 1 

METHOD 1 NT.MBR PASSES * l.EST. TIME = 00.0 

METHOO 3 T ,NBR PASSES * l.EST. TIME * 00.0 


DECK ECHO 

.. 7 a. 9 a. 9 a. 10 a 


1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 

1.0 0.0 1 


1365 

1365 

1345 

1365 

1345 

1345 

1345 

1345 

1345 

1345 

1345 

1345 

1345 


3 *0C 


6 4 6 
6 8 6 
6 12 6 
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DEMONSTRATION PROELEM - VIBRATION ANALYSIS 
CANTILEVER BEAM - SECOND OP THREE PROBLEMS 


JANUARY 25* 1977 NASTRAN 1/ 1/77 PAGE 


11 


*** SYSTEM WARNING MESSAGE 3022 

DATA BLOCK BGPOP IS REQUIRED 
M* SYSTEM WARNING MESSAGE 3022 

OATA BLOCK BGPOP IS REQUIREO 
*** SYSTEM WARNING MESSAGE 3022 

OATA BLOCK SIP IS REQUIRED 


AS INPUT ANO IS NOT OUTPUT BY A PREVIOUS MODULE IN THE CURRENT OHAP ROUTE. 
AS INPUT AND IS NOT OUTPUT BY A PREVIOUS MOOULE IN THE CURRENT OMAP ROUTE. 
AS INPUT AND IS NOT OUTPUT BY A PREVIOUS MODULE IN THE CURRENT OMAP ROUTE. 


DEMONSTRATION PROBLEM - VIBRATION ANALYSIS JANUARY 25. 1977 NASTRAN 1/ 1/77 PAGE 12 

CANTILEVER REAM - SECOND OF THREE PROBLEMS 


REAL EIGENVALUES 


HODE 

EXTRACTION 

EIGENVALUE 

RADIANS 

CYCLES 

generalized 

GENERALIZED 

NO. 

OROFR 




MASS 

STIFFNESS 

1 

? 

4.04385 3E+04 

2.01 093 3E+02 

3*20050 OE +01 

1.547996E-Q2 

6.259870E+02 

2 

1 

1.588253E+06 

1. 260259E+Q3 

2,0 0 5765E +0 2 

1 • 54761 8E-02 

2. 458327E+ D4 

3 

3 

1.24562GE+07 

3.529335E+03 

5.61711 0E + 0 2 

1. 5463Z0E-0 2 

1.926127E+05 


DEMONSTRATION PROBLEM - VIBRATION ANALYSTS JANUARY 25. 1977 NASTRAN 1/ 1/77 PAGE 13 

CANTILEVER BEAM - SECONO OF THREE PROBLEMS 


EIGENVALUE ANALYSIS SUMMARY (INVERSE POWER! 

NUMBER OF EIGENVALUES EXTRACTED 3 

NUMBER OF STARTING POINTS USED ....... 1 

NUMBER OF STARTING POINT MOVES 0 

NUMBER OF TRIANGULAR DECOMPOSITIONS .... 3 

TOTAL NUMBFR OF VECTOR ITERATIONS ..... 24 

REASON FOP TERMINATION . 6 


LARGEST OFF-DIAGONAL MODAL MASS TERM .... O.E+OO 


MOOE °AIR 


0 


0 


NUMBER OF OFF-DIAGONAL MODAL MASS 

TERMS FAILING CRITERION 

METHOD 1 NT.NBR PASSES = l.EST. TIME 

METHOD 2 T ,NBR PASSES = l.EST. TIME 


00 . 0 
00 . 0 
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DEMONSTRATION PROBLEM - VIBRATION 

ANALYSIS 


JANUARY 

25. 1977 

CANTILEVER 

PFAM 

- SECONO OF THREE 

ORORLEHS 




eigenvalue 

s 4. 

0438? 3E +04 








REAL E I G 

E N V E C T O 

R NO. 

1 

POINT TO, 

TYPE 

Ti 

T2 

T3 

R1 

RZ 

l ■ 

G 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

G 

0.0 

1 . 174160E-0 2 

0.0 

0.0 

0.0 

3 

G 

0.0 

4.510037F-02 

0.0 

0.0 

0.0 

4 

G 

0.0 

9. 72 8581E-0 2 

0.0 

0.0 

0.0 

5 

G 

0.0 

1 . 655362^-01 

0.0 

0.0 

0.0 

6 

G 

0.0 

2.471493E-01 

0.0 

0.0 

0.0 

7 

G 

0.0 

3. 395231E-01 

0.0 

0.0 

0.0 

8 

G 

0.0 

4.402039E-Q1 

0. 0 

0.0 

0.0 

q 

G 

0.0 

5.4694HE-01 

0. 0 

0.1 

0.0 

10 

G 

0,0 

6.577473E-01 

0.0 

0.0 

0.0 

11 

G 

0.0 

7.709616E-01 

0.0 

0.0 

0.0 

12 

G 

0.0 

8. 853155E-01 

0.0 

0.0 

0.0 

13 

G 

0.0 

1 . 0 0 0 0 00E ♦ 0 0 

0. 0 

0.0 

0.0 


H ASTRAN 1/ 1/77 PAGE 


R3 

0.0 

2. 3D1641E-01 
4. 32355QE-01 
6.067422E-01 
7.537502E-01 
8.741623E-81 
9.6920B9E-01 
1. 040638E+QU 
1 • 0 90776E+ 00 
1.12Z560E+0Q 
1.139601E+0Q 
1 . 1460 B1E+ 00 
1 . 147227E+00 


IV 


OE MQNS T°AT t ON PROBLEM - VIBRATION 

ANALYSIS 


JANUARY 

25, 1977 

MASTRAN 1/ 1/77 

cantilever 

BEAH 

- SECOND OF THREE 

PROBLEMS 





EIGENVALUE 

= l. 

5882F3E+06 









REAL E £ 

G E N V E C 

TOR NO. 

2 


POINT ID. 

TYPE 

Tl 

TZ 

T 3 

R1 

RZ 

R3 

1 

G 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

G 

0.0 

-6.635232E-02 

0.0 

0.0 

0.0 

-1.225458E+00 

3 

G 

0.0 

-2.25Q318E-Q1 

0.0 

0.0 

0.0 

-1.8491Z4E+00 

4 

G 

0.0 

-4.172538E-0L 

0.0 

0.0 

0.0 

-1.905Q92E+QQ 

5 

G 

0.0 

-5. 896335E-Q1 

0.0 

0.0 

0.0 

-1. 46856QE+00 

6 

G 

0.0 

-6. 984782E “0 l 

0. 0 

0.0 

0.0 

-6.574009E-01 

7 

G 

0.0 

-7.136527E-01 

0.0 

0.0 

0.0 

3.775894E-01 

8 

G 

0.0 

-6.21Q104E-01 

0.0 

0.0 

0.0 

1.471Q79E+00 

q 

G 

0. 0 

-4. 22 6933E-01 

o. a 

0.0 

0.0 

2.466878£*00 

10 

G 

0.0 

-1.349712E-Q1 

0.0 

0.0 

0.0 

3.2 42593E + Q0 

ll 

G 

0.0 

2 . 16 3380E-0 1 

0.0 

0.0 

0.0 

3. 733730E+00 

12 

G 

0.0 

6. 025046E-01 

0.0 

0.0 

0.0 

3.946771E+QQ 

13 

G 

0. 0 

l. OOOQOOE+OO 

0.0 

0.0 

0.0 

3.989046E+00 
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DEMONSTRATION PROPLE* - VIBRATION 

ANALYSIS 


JANUARY 

25, 1977 

NASTRAN 1/ 1/77 

CANTILEVER 

BEAN 

- SECOND OF THREE 

PROBLEMS 





E IGENVALUE 

= 1. 

245620E »07 









REAL E I 

GENVECTO 

R NO. 

3 


POINT ID. 

TYPE 

Tl 

T 2 

T 3 

R1 

R2 

R3 

1 

G 

0.0 

0.0 

O. 0 

0. 0 

0.0 

0. 0 

2 

G 

0,0 

i • 675922E -0 1 

0.0 

0.0 

0.0 

2. 885341E+00 

3 

G 

0.0 

4. 888639E-01 

0.0 

0.0 

0.0 

3 ■ 124550E + 00 

4 

G 

0.0 

7 • 243564F-01 

0.0 

0.0 

0.0 

1.319388E+00 

5 

G 

0.0 

7 .2171 43E-0 1 

0.0 

0.0 

0.0 

-1.416587E+00 

6 

G 

0.0 

4.54Z449E-01 

0.0 

o. a 

0.0 

-3. 756387E+00 

7 

G 

0.0 

1.961643E-02 

0.0 

0.0 

0.0 

-4.620603E+00 

8 

G 

0.0 

-4.0 6245ZE-0 1 

0.0 

0.0 

0.0 

-3.575L05E+00 

9 

G 

0.0 

-6. 435453E-01 

0.0 

0.0 

0.0 

-9. 736Z8QE-01 

10 

G 

0.0 

-5.812813E-01 

0.0 

0.0 

0.0 

2 • 218 536E + 00 

11 

G 

0.0 

-2.174002E-01 

0.0 

0.0 

0.0 

4. 803633E+00 

12 

G 

0.0 

3. 52691 OE-Ol 

0.0 

0.0 

D. 0 

6.265297E+00 

13 

G 

0.0 

1. OOOOOOE+OO 

0.0 

0.0 

0.0 

6.576987E+00 
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Buckling Analysis 

This problem is a buckling analysis of a simply supported rectangular 
plate under uniform compression. 


Model 



Buckling Analysis DMAP Sequence 


1. X DMAP 

2. FILE 

3. GPI 

4. GP2 

5. PARAML 

6. PURGE 

7. COND 

8. PlTSET 

9. PRTMSG 

10. PARAM 

11. PARAM 

12. COND 

13. PLOT 

14. PRTMSG 

15. LABEL 

16. GP3 

17. PARAM 

18. TA1 

19. COND 

20. PURGE 

21. PARAM 


ERR=2, LIST, REF $ BUCKLING ANALYSIS 

LAMA-- APPEND/PHI A=APPEND $ 

GE0M1 ,GE0M2,/GPL, EQEX I N ,GPDT , CSTM, BGPDT , S I L /S , N, LUSET/ V,N, 
NOGPDT $ 

GE0M2,EQEXIN/ECT $ 

PCDB//*PRES*////NOPCDB $ 

PLTSETX,PLTPAR,GP SETS, ELS ETS/NOPCDB $ 

PI* NOPCDB $ 

PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS,ELSETS/S,N,NSIL/S,N, 
JUMPPLOT=-I $ 

PLTSETX// t 
//*MPY*/PLTFLG/1/1 S 
//*MPY*/PFILE/0/0 $ 

PI , JUMPPLOT S 

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,EOEXIN,SIL/ 
PL0TX1/NSIL/LUSET/S,N, JUMPPLOT/S,N,PLTFLG/S,N,PFILE $ 

PLOTX 1 / / $ 

PL $ 

GE0M3,EQEXIN,GE0M2/SLT, /S,N,NOGRAV $ 

/ /C ,N, AND/ V ,N ,N0MGG/V ,N * NOGR AV/V * Y »GRDPNT =-l $ 

ECT,EPT, BGPDT, SIL, , CSTM/EST , GE I , GPECT , / V , N , LUS ET/ S,N, 

NOS IMP/C,N,1/S,N »N0GENL/ S,N,GENEL $ 

ERROR 1 ,N0SI MP $ 

OGPST/GENEL S 

//C , N , ADD/V » N, NOKGGX/C ,N,L/C,N,0 t 
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22. EMG EST,CSTM,MPT,DIT,GE0M2,/KELM,KDICT,MELM,MDICT,,/S,N,N0KGGX/ S, 

N,NOMGG/C,N,/C,N, /C , N, /C , V , COUPMASS /C , Y , CPBAR/C , Y, C PROD/C , Y , 
CPQUAD1/C » Y *CPQUAD2/C , Y , CPTR I A 1 /C » Y ,CPTRIA2/ C , Y ,CPTUBE/C , Y , 
CPODPLT/C,Y,CPTRPLT/C,Y, CPTR BSC $ 

23. COND JMPKGG ,NOKGGX $ 

24. EMA GPECT,KDICT,KELM/KNN ,GPST $ 

25. LABEL JMPKGG $ 

26. COND JMPMGG, NOMGG $ 

27. EMA GPECT,MDICT,MELM/MNN,/C,N,-1/C,Y,WTMASS=1.0 $ 

28. LABEL JMPMGG $ 

29. PARAM //C»N,MPY/V,N,NSKIP/C*N,0/C*N*0 $ 

30. GP4 C AS ECC, GE0M4, EQEX I N, S I L , GPDT , BGPDT, CSTM/RG , YS , US FT, AS ET/V,N, 

LUSET/S,N, MPCF l /S,N,MPCF 2 /S,N, SINGLE/S , N,OM IT/S, N, RE ACT/S, N, 
NSKIP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C, Y,SuBID * 

31. COND ERR0R6 ,NOL $ 

32. PARAM //C,N,AND/V,N,NOSR/V,N,SINGLE/V,N, REACT * 

33. PURGE GM/MPCF1/GO,KOO,LOO,PO,UOOV»RUOV/OMIT/PS ,KFS,KSS/SINGLE/ OG/ 

NOSR $ 

34. COND LBL4D, REACT $ 

35. JUMP ERROR 2 S 

36. LABEL LBL4D $ 

37. GPSP GPL, GPST, USET, SIL/OGPST/S,N,NOGPST $ 

38. COND LBL4,N0GPST $ 

39. OFP OGPST ,,,,,// $ 

40. LABEL LBL4 $ 

41. EQUIV KNN,KFF/SINGLE $ 

42. COND LBL3, SINGLE $ 

43. SCE I USET , KNN, , ,/KFF,KFS»KSS, , , $ 

44. LABEL LBL3 $ 

45. EQUIV KFF, KAA/OMI T $ 

46. COND LBL5,0MIT $ 

47. SMP 1 USET »KFF , , ,/GO»KAA , KOO » L 00* * » * , $ 

48. LABEL LBL5 $ 

49. RBMG2 KAA/LLL $ 

50. SSG1 SLT, BGPDT, CSTM,SIL,EST, MPT, , EDT , MNN , C AS ECC , D I T / PG/ V,N, 

LUSET /C »N , 1 $ 

51. EQUIV PG, PL/NOSET $ 

52. COND' LBL10, NOSET $ 

53. SSG2 USET, , Y S , KF S , GO , , PG/ , PO , P S , PL $ 

54. LABEL LBL10 $ 

55. SSG3 LLL,KAA,PL,LOO,KOO,PO/ULV,UOOV,RULV,RUOV/V,N,OMIT/V,Y, IRES=-1/ 

C,N,1/S,N,EPSI $ 

56. SDR 1 USET »PG,ULV,UOOV»YS,GO»GM, P S , KF S , K S S , /UGV , PGG , QG/C , N , 1 / C , N , 

BKLO $ 

57. SDR2 CAS ECC , CSTM, MPT,DIT »EOEXIN,SIL» , EDT , BGPDT , , OG, UGV , EST , , PGG/ 

0PG1 , 0QG1 , OUGVl ,06S1,0EF1,PUGVI/C ,N,BKLO S 

58. OFP OUGVI ,0PG1,0QG1»0EF1,0ES1,//S,N»CARDN0 $ 

59. COND P2 , JUMPPL OT t 

60. PLOT PLTPAR,GP SETS, ELSETS, CAS ECC, BGPDT, EQEXIN,SIL, PUGV1 , , GPECT , 

0ES1/PL0TX2/NSIL/LUSET /JUMP PLOT /PLTFLG/S,N,PFILE $ 

61. PRTMSG PL0TX2// $ 

62. LABEL P2 $ 

63. TA1 ECT,EPT, BGPDT, SIL, , CSTM/X 1 , X2 , ECPT ,GPCT/V, N , LUSET/ V,N, 

N0SIMP/C,N»0/V,N , NOGENL /V,N,GENEL $ 

64. DSMG1 CASECC, , S I L , EDT , UGV ,CSTM, MPT , ECPT , GPCT , D I T/KDNN/ V,N, 

DSCOSET $ 

65. EQUIV KDNN,KDFF/SI NGLE $ 

66. COND LBL3D, SINGLE $ 
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67. SCE1 USET,KONN,,,/KDFF,KDFS,,,, $ 

68. LABEL LBL3D $ 

69. EQUIV KDFF,KDAA/OMIT $ 

70. COND LBL5D,0MIT $ 

71. SMP2 USET,GO,KDFF/KDAA $ 

72. LABEL LBL5D $ 

73. ADD KDAA,/KDAAM/C,N, (-1.0,0. 0)/C,N, (0.0, 0.0) £ 

74. DPD DYNAMICS,GPL,SIL,USET/GPLD,SILD,USETD, , , T , , , EED, EQDYN/V* N, 

LUSET/V,N,LUSETD/V,N,NOTFL/V,N,NODLT/V ,N,NOPSDL/V,N,NDFRL/ V, 

N , NONLFT/ V , N, NOTRL /S » N » NOE FD/C , N, /V * N »NOU£ £ 

75. COND ERR0R3 ,NOEED £ 

76. PARAM //C,N,MPY/V,N,NEIGV/C,N,1/C,N,-1 £ 

77. READ KAA, K DA AM,, , E ED, US ET, CAS ECC/ LAMA, PH IA,,OEIGS/C,N, BUCKLING/ S,N, 

NE I GV/C , N , 2 S 

78. OFP OE IGS »L AMA ,,,,//S,N , CARD NO $ 

79. COND ERR0R4, NEIGV $ 

80. SDR 1 USET, ,PHI A , , ,GO,GM, ,KFS, ,/PHIG, ,BQG/C ,N, 1/C ,N,BKL1 £ 

81. SDR2 CASECC,CSTM,MPT,DIT,EOEXIN,SIL,, , BGPDT , L AMA , BOG , PH I G , EST , , / , 

0BQG1 ,OPHIG,OBES 1,0BEF1,PPHIG/C,N,BKL1 $ 

82. OFP 0PHIG,0BQG1 ,0BEF1 , OBE S 1 , , / / V , N , C ARDNO $ 

83. COND P3 , JUMPPLOT $ 

84. PLOT PL TP AR,GP SETS, EL SETS, CAS ECC, BGPDT, EOEX I N, S I L , , PPH I G , GPECT , 

0BES1/PL0TX3/NS I L/LUSET/ JUMPPLOT/ PL TFLG/S,N,PFILE £ 

85. PRTMSG PL0TX3// $ 

86. LABEL P3 £ 

87. JUMP FINIS £ 

88. LABEL ERROR 1 $ 

89. PRTPARM / /C , N , - 1 /C , N , BUCK L I NG £ 

90. LABEL ERR0R2 $ 

91. PRTPARM //C,N, -2/C, N, BUCKLING t 

92. LABEL ERR0R3 $ 

93. PRTPARM //C , N ,-3/C , N , BUCK L I NG $ 

94. LABEL ERR0R4 $ 

95. PRTPARM //C , N ,-4/C , N, BUCK L I NG $ 

96. LABEL ERRQR6 $ 

97. PRTPARM / /C , N , -6 /C , N , BUCK L I NG £ 

98. LABEL FINIS $ 

99. END $ 


Description of DMAP Operations for Buckling Analysis 

3. GP1 generates coordinate system transformation matrices, tables of grid- 
point locations, and tables for relating internal and external grid-point 
numbers. 

4. GP2 generates an element connection table with internal indices. 

7. Go to DMAP no. 15 if no plot package is present. 

8. PLTSET transforms user input into a form used to drive structure plotter. 

9. PRTMSG prints error messages associated with structure plotter. 

12. Go to DMAP no. 15 if no unde formed structure plot request. 
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13. PL0T generates all requested undeformed structure plots. 

14. PRTMSG prints plotter data and engineering data for each undeformed plot 
generated. 

16. GP3 generates static loads table. 

18. TA1 generates element tables for use in matrix assembly and stress recovery. 

19. Go to DMAP no. 88 and print error message if no structural elements. 

22. EMG generates structural element matrix tables and dictionaries for later 
assembly. 

23. Go to DMAP no. 25 if no stiffness matrix is to be assembled. 

24. EMA assembles stiffness matrix j^Kgg^J and grid-point singularity table. 

26. Go to DMAP no. 28 if no mass matrix is to be assembled. 

27. EMA assembles mass matrix jj^ggj * 

30. GP4 generates flags defining members of various displacement sets (USET) 
and forms enforced displacement vector {^s}‘ 

31. Go to DMAP no. 56 and print error message if no independent degrees of 
freedom are defined. 

34. Go to DMAP no. 56 if no free-body supports supplied. 

35. Go to DMAP no. 90 and print error message if free-body supports are present. 

37. GPSP determines if possible grid-point singularities remain. 

38. Go to DMAP no. 40 if no grid-point singularity table. 

40. Equivalence to [^ff] if no single-point constraints. 

41. Go to DMAP no. 44 if no single-point constraints. 

43. SCE1 partitions out single-point constraints 


Fk 1 = 

Kff 

Kfs 

|_ K nnJ 

^sf 

Kss 

45. Equivalence 

to [*aa] 


46. Go to DMAP no. 48 if no omitted coordinates. 
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47. SMPl partitions constrained stiffness matrix 



_ 




K aa 

i 

i 

• 

K ao 

= 


t 



^oa 

_ 

i 

i 

i 

K oo 


M * 


solves for transformation matrix j^G 0 J = - Jk 0 qJ 1 [ K oa] • an<3 performs matrix 
reduction = [K a aJ + [k 0 J [ G o] • 

49. RBMG2 decomposes constrained stiffness matrix ^K aa J = • 

50. SSG1 generates static load vectors 

51. Equivalence { p g} to ^ no restraints applied. 

52. Go to DMAP no. 54 if no constraints applied. 

53. SSG2 applies constraints to static load vectors 


(fg) - (vj { p n} - {?„} + [«$] On,} 

I ^m J 

( P ") ‘ I V ( p f } ' Of} ' M 0=} 

I r s J 

( P£ } ’ (v) and { p 0 ‘ ( 5 a) + [ G °] { p o} 

I I 


55. SSG3 solves for displacements of independent coordinates 

{ U S,} = [Km] \ P l) 

solves for displacements of omitted coordinates 

0S} = [KooJ-^o} 

calculates residual vector (RULV) and residual vector error ratio for 
independent coordinates 

270 



APPENDIX 


<9 


{SPJ,} = {PS,} - [ku] (usi) 

(u|}(6Pt) 

(pJ }{“!-> 

and calculates residual vector (RU0V) and residual vector error ratio 
for omitted coordinates 

(6 p 0 } 3 {p 0 } “ [Koo] (uo) 

(4o*°> 

*’{■!}(■*> 


56. SDR1 recovers dependent displacements 


(“o) = po] { u «-} + ( u °) 



and recovers single-point forces of constraint 


(<Js) = -{ p s} + [kIs] { u f} + [Kss] ( Y s) 

57. SDR 2 calculates element forces and stresses (0EF1, 0ES1) and prepares 
load vectors, displacement vectors, and single-point forces of constraint 
for output (0PG1, 0UGV1, PUGV1 , 00G1) . 

58. 0FP formats tables prepared by SDR2 and places them on the system output 
file for printing. 


59. Go to DMAP no. 62 if no static deformed structure plots are requested. 

60. PL0T generates all requested static deformed structure plots. 
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<» 


61. PRTMSG prints plotter data and engineering data for each deformed plot 
generated. 

63. TA1 generates element tables for use in differential stiffness matrix 
assembly. 

64. DSMG1 generates differential stiffness matrix [ K gg"j* 

65. Equivalence [^nn] to [ K ff] if no constraints. 

66. Go to DMAP no. 68 if no single- point constraints. 

67. SCEl partitions out single-point constraints 


r K d i = 

_ nn j 


Kff 

J K f s 

„d 

! d 

K sf 

! Kss 


r d ~\ 

to 

[ K aaJ 


70. Go to DMAP no. 72 if no omitted coordinates. 

71. SMP2 partitions constrained differential stiffness matrix 




~ -d 

1 



K aa 

1 

1 

K ao 


d 

T 

d 


_ K oa 

\ 

K oo _ 


and performs matrix reduction 


[*aa] = [ K aa] + [ K oa] T [G 0 ] + [Go] T [i<oa] + |>o] T [* oo] fo] 


74. DPD extracts eigenvalue extraction data from dynamics data block. 

75. Go to DMAP no. 92 and print error message if no eigenvalue extraction data. 
77. READ extracts real eigenvalues from the equation 

[KM + *Km] {uj,} = 0 

and normalizes eigenvectors according to one of the following user requests 
Unit value of selected coordinate 
Unit value of largest component 
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78. 

79. 

80. 


81. 


82. 


83. 


84. 


85. 


87. 


89. 

91. 


93. 


95. 

97. 




0FP formats eigenvalues and summary of eigenvalue extraction information 
and places them on' the system output file for printing. 

Go to DMAP no. 94 and print error message if no eigenvalues found. 

SDR1 recovers dependent components of the eigenvectors 


0°} - M (*a) 




{4>m} = [pm] {^n} 


and recovers single-point forces of constraint ^q s ^ = (_ K fsJ 

SDR2 calculates element forces and stresses (0BEF1, 0BES1) and prepares 
eigenvectors and single-point forces of constraint for output 
(0PHIG, PPHIG, 0BQG1). 

0FP formats tables prepared by SDR2 and places them on the system output 
file for printing. 

Go to DMAP no. 86 if no deformed (buckling) structure plots are requested. 

PL0T generates all requested deformed (buckling) structure plots. 

PRTMSG prints plotter data and engineering data for each deformed plot 
generated. 

Go to DMAP no. 98 and make normal exit. 

BUCKLING ANALYSIS ERR0R MESSAGE N0. 1 - N0 STRUCTURAL ELEMENTS HAVE 
BEEN DEFINED. 

BUCKLING ANALYSIS ERR0R MESSAGE N0. 2 - FREE-B0DY SUPP0RTS N0T 
ALL0WED. 

BUCKLING ANALYSIS ERR0R MESSAGE N0. 3 - EIGENVALUE EXTRACTI0N DATA 
REQUIRED F0R REAL EIGENVALUE ANALYSIS. 

BUCKLING ANALYSIS ERR0R MESSAGE N0. 4 - N0 EIGENVALUES F0UND. 

BUCKLING ANALYSIS ERR0R MESSAGE N0. 6 - N0 INDEPENDENT DEGREES 0F 
FREED0M HAVE BEEN DEFINED. 
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Buckling Analysis Sample Problem 


JANUARY 25* 1977 NASTRAN 1/ 1/77 

NASTRAN EXECUTIVE CONTROL DECK ECHO 


'Id HTNlYttN, B uckling 

APP ONAP 

XOMAP ERR*2*LIST,REF J BUCKLING ANALYSIS 

(SEE NASTRAN SOURCE PROGRAM COMPILATION FOR LISTING OF ONAP SEQUENCE! 
ENO S 

TIME S 

CEnd 


BUCKLING OF A SIMPLY-SUPPOPTEO RECTANGULAR PLATE UNDER UNIFORM JANUARY 25, 1977 NASTRAN 1/ 1/77 

COMPRESSION 


CASE CONTROL DECK ECHO 

CARO 

COUNT 

1 TITLE = BUCKLING OF A S IMPL Y-SUPPORTEO RECTANGULAR PLATE UNOER UNIFORM 

2 SUBTITLE * COMPRESSION 

3 SPC = 1 

4 DISP = ALL 

5 SUBCASE 1 

6 LOAO = 10 

7 SUBCASE 2 

8 METHOD = 45 

9 PLOTIO TEST PLOT CAPABILITY 

10 OUTPUT (PL OT ! 

11 SET 1 INCLUOE 1 THRU 8 

12 PLOTTER CALC0HP.765 

13 MAXIMUM DEFORMATION 3. 

14 FIND SCALE* ORIGIN 1,SET 1 

15 S 

16 f PLOT UNDEFORMEO SHAPE 

17 S 

18 PLOT 

19 t 

20 S PLOT STATIC OEFORMA TION IN SUBCASE 1 

21 t 

22 PLOT STATIC DEFORMATION 1 

23 I 

24 t PLOT MOOAL OEFORMAT ION IN SUBCASE 2 

25 t 

26 PLOT MODAL DEF ORMATION 2 

27 BEGIN BULK 


•••USER INFORMATION MESSAGE ZQ7* BULK OATA NOT SORTED, XSORT MILL RE-ORDER OECK. 
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Buckling of a simply- supported rectangular plate under uniform January 25 , 1977 nastran 1/ 1/77 page 

COMPRESSION 





S 

O R T E 

D B U 

L K 

CARD 







COUNT 

. 1 

.. 2 

.. 3 

.. 4 

. . 5 

m m 

1- 

CTRIA2 

1 

20 

1 

2 

5 

2- 

CTRIA2 

2 

20 

2 

3 

6 

3- 

CTRIA2 

3 

20 

4 

5 

8 

4- 

CTRIA2 

4 

20 

5 

6 

9 

5- 

CTRI42 

5 

20 

5 

4 

1 

6- 

CTRIA2 • 

6 

20 

6 

5 

2 

7- 

CTRIA2 

7 

20 

8 

7 

4 

fl- 

CTRTA2 

8 

20 

9 

8 

S 

9- 

EIGB 

45 

INV 

.0 

1.0 

1 

10- 

♦ A 

H AX 





11- 

FORCE 

10 

1 


1.0 

1.0 

12- 

FORCE 

10 

4 


1.0 

1.0 

TT- 

FORCE 

10 

7 


1.0 

1.0 

14- 

GRID 

1 


.0 

.0 


15- 

GRID 

2 


2.4 

.0 


16- 

GRID 

3 


4.8 

.0 


17- 

GRID 

4 


.0 

3.0 


TB- 

GRIO 

5 


2.4 

3.0 


19- 

GRZO 

6 


4.8 

3.0 


20- 

GRrO 

7 


.0 

6.0 


21- 

GRID 

0 


2.4 

6.0 


22- 

GRID 

9 


4. 8 

6.0 


23- 

MAT1 

30 

3.0*7 


.3 


24- 

PTRIA2 

20 

30 

.396 



25- 

SPC 

1 

1 

3456 



26- 

SPC 

1 

2 

356 



27- 

SPC 

1 

3 

1356 



2 8- 

SPC 

1 

4 

348 



29- 

SPC 

1 

5 

6 



30- 

SPC 

1 

6 

1 56 



31- 

SPC 

1 

7 

2346 



32- 

SPC 

1 

8 

246 



3 3- 

SPC 

1 

9 

12456 




ENDOATA 







ECHO 

7 .. 6 


0 


.0 

.0 

.0 


9 


10 . 


♦ A 


BUCKLING QF A SIHPLY-SUPPOPTEO RECTANGULAR PLATE UNDER UNIFORM JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 9 

COMPRESSION 


*** USER POTENTIALLY fatal me SS AGE 22, 

POSSIBLE ERROR IN OHAP INSTRUCTION SORl 
DATA BLOCK NAMED GM APPEARS AS INPUT BEFORE BEING OEFINEO 


••NO ERRORS FOUND 


EXECUTE NASTRAN PROGRAM** 


INSTRUCTION NO. 57 


BUCKLING OF A S IMPLY- SUPPOR TED RECTANGULAR PLATE UNOER UNIFORM JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 10 

COMPRESSION 


MESSAGES FROM THE PLOT MODULE 


P L 0 1 T 


E R DATA 

THE FOLLOWING PLOTS ARE FOR A CALCONP 765 INCREMENTAL PLOTTER <2 CHAR AC TERS/COMMANO 

AN FNO-OF-FILE MARK FCLLOWS THE LAST PLOT 

THE FIRS T COMM4NO FOR FACH PLOT CONTAINS THE PLOT NUMBER 

PEN 1 - SIZE 1, BLACK 


.005 STEP SIZE > 


ENGINEERING DATA 


ORTHOGRAPHIC PROJECTION 

ROTATIONS COEGREES) - GAMMA = 34.27, BETA = 23.17, ALPHA = 0.00, AXES = *X,*Y,*Z t SYMMETRIC 

SCALE TOBJECT-TO-PLOT SIZE! = 6.248091E-Q1 

ORIGIN 1 - X 0 a -3.2466046*00, Y0 = -5 . 73 2292E* 0 0 IINChES) 
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BUCKLING OF A SIMPLY-SUPPORTED RECTANGULAR PLATE UNDER UNIFORM JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 11 

COMPRESSION 


MESSAGES FROM THE PLOT MOOULE 
PLOT L UNOEFORMEO SHAPE 


••• SYSTEM INFORMATION MESSAGE 3113, 
••• SYSTEM INFORMATION MESSAGE 3107. 


EMGPRO PROCESSING SINGLE PRECISION ELEMENTS OF TYPE 17 STARTING HITH ID 

EMGOLO IS PROCESSING ELEMENTS OF TYPE * 17, BEGINNING MITH ELEMENT 10 ■ 


1 

1 


•••USER INFORMATION MESSAGE 30 23— PARAMETERS FOR SYMMETRIC DECOMPOSITION OF DATA BLOCK KAA ( N ; 

TIME ESTIMATE* 1 C AVG * 8 PC AVG = 0 SPILL GROUPS = 

A 00 IT IOMAL CORE 3 -21933 C MAX = 14 PCHAX =0 PC GROUPS * 

••• SYSTEM WARNING MESSAGE 2363, SSG2B FORCED MPYAO COMPATIBILITY OF MATRIX ON 103, FROM « 30, 

MPYAD--NULL MATRIX PROOUCT 

METHOD 1 NT , NBR PASSES = 1,EST. TIME « 00.0 


29 I 

0 S AVG * 

0 PREFACE loops * 
2), TO < 30, 1) 


1 

1 


DUCKLING OF A SIMPL Y-SUPPOPTEO RECTANGULAR PLATE UNDER UNIFORM JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 12 

COMPRESSION 


••• USER INFORMATION MESSAGE 3035 

FOR LOAD 1 EPSILON SUB E * -4. 68 758 70E-14 

MPYAD--NULL MATRIX PRODUCT 

METHOD 2 T , NBR PASSES * 1,EST. TIME = 00.0 


BUCKLING OF A SIMPLY-SUPPORTED RECTANGULAR PLATE UMOER UNIFORM JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 

COMPRESSION 

SUBCASE 1 


DISPLACEMENT VECTOR 


10. 

T YPE 

T 1 

T2 

T3 

R1 

R2 


l'~ 

G 

9.829562E-07 

-3.572685E-07 

0.0 

0.0 

0.0 

0.0 

2 

G 

4. 814494E-07 

-2.975060E-07 

0.0 

0.0 

0.0 

0.0 

3 

G 

0.0 

-Z.977195E-07 

0.0 

0.0 

0.0 

0.0 

4 

G 

7.047110E-07 

-2.163S74E-07 

0.0 

0.0 

0.0 

0.0 

5 

G 

3. 70 8394E-07 

-1.917374E-07 

0.0 

0.0 

0.0 

0.0 

6 

G 

0.0 

-1. 172926E-0 7 

0.0 

0.0 

0.0 

0.0 

7 

G 

9.409551E-07 

0.0 

0.0 

0.0 

0.0 

0.0 

6 

G 

4.36392 5E-07 

0.0 

o.c 

0.0 

0.0 

0.0 

9 

G 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 


13 
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BUCKLING OF A SIMPLY-SUPPORTED RECTANGULAR PLATE UNOER UNIFORM JANUARY 25* 1977 NASTRAN 1/ 1/77 PAGE l*t 

COMPRESSION 


MESSAGES FROM THE PLOT MOOULE 


THE FOLLOWING PLOTS ARE FOR A CALCOMP 765 INCREMENTAL PLOTTER <2 CHARACTERS/COMMANO - .005 STEP SIZE* 

AN ENO-OF-FILE MARK FOLLOWS THE LAST PLOT 

THE FIRST COMMANO FOR EACH PLOT. CONTAINS THE PLOT NUMBER 

PEN 1 - SIZE 1* BLACK 


ENGINEERING DATA 


ORTHOGRAPHIC PROJECTICN 

ROTATIONS (DEGREES) - GAMMA = 3*. 27, BETA = 2J.17, ALPHA = 0.00, AXES * ♦ X.iY.fZ, SYMMETRIC 

SCALE (O0JECT-TO-PLOT SIZE) = 6 . 2 <4 80 9 1 E- 0 1 

ORIGIN 1 - XO * -3,2«.66<KE*00, YO * - 5. 732292E ♦ 00 (INCHES) 


BUCKLING OF A S I HPLY- SUPPORTE D RECTANGULAR PLATE UNOER UNIFORM JANUARY 25, 197 7 NASTRAN 1/ 1/77 PAGE 15 

COMPRESSION 


MESSAGES FROM THE PLOT MOOULE 
PLOT 2 STATIC DEFORM. 1 - SUBCASE 10 - LOAO 


INFORMATION MESSAGE 30 23- -PARA METERS FOR SYMMETRIC DECOMPOSITION OF OATA BLOCK LAMA 
TIME ESTIMATE* 1 C AVG * 8 PC AVG * 0 SPILL 

ADDITIONAL CORE* -19710 C MAX ■ 1 <♦ PCHAX * 0 PC 


< N = 
GROUPS = 
GROUPS * 


2 <« ) 

0 S AVG 

0 PREFACE LOOPS 


1 

1 


BUCKLING OF A S IMPL Y- SUPPORTED RECTANGULAR PLATE UNOER UNIFORM JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 16 

COMPRESSION 


EIGENVALUE ANALYSIS SUMMARY (INVERSE POWER) 

NUMBER OF EIGENVALUES EXTRACTED 1 

NUMBER OF STARTING POINTS USED 1 

NUMBER OF STARTING POINT MOVES 0 

NUMBER OF TRIANGULAR DECOMPOSITIONS • • • , 1 

TOTAL NUMBER OF VECTOR ITERATIONS 6 

REASON FOR TERMINATION ... 6 


LARGEST OFF-OIAGONAL MODAL MASS TERM . • . . 

MODE PAIR 

NUMBER OF OFF-OIAGONAL MODAL MASS 

TERMS FAILING CRITERION 


0.E MJ 0 


0 

0 

0 
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BUCKLING OF A SIMPLY-SUPPORTED RECTANGULAR PLATE UNDER UNIFORN JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 17 

CONPPESSION 





REAL EIGEN 

VALUES 



HOOE 

EXTRACTION 

EIGENVALUE 

RADIANS 

CYCLES 

GENERALIZED 

GENERALIZED 

NO. 

ORDER 


>. 


MASS 

STIFFNESS 

1 

1 

L.489206E +03 

3. 859023E + 0 1 

6. 1410256+00 

0.0 

0.0 




HETHOO 2 T ,NBR 

PASSES * l.EST. 

TIME * 00.0 



BUCKLING OF A SIHPL Y-SUPPORTEO RECTANGULAR PLATE UNOER UNtFQRK JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 18 

COMPRESSION 


EIGENVALUE 

« 1. 

*•8920 6E *03 

real E I g 

E N V E C T.O 

R NO. 

1 


POINT ID. 

TYPE 

T1 

T2 

T3 

R1 

R2 


1 

G 

-1.3053846-27 

2. 814161E-27 

0.0 

0.0 

0.0 

fi.d 

2 

G 

-1.122789E-27 

-1.04A400E-27 

0.0 

1 . 895820E-O 1 

0.0 

0.0 

3 

G 

0.0 

-5. 651426E-28 

0.0 

2. 544363E-0 1 

0.0 

0.0 

4 

G 

4.38Q746E-2B 

1.662038E-27 

0.0 

0.0 

-2.50O520E-O1 

0.0 

5 

G 

3. 91 1 30 7E-28 

-5.317506E-28 

5.064851E-01 

1. 3 30 569E-0 1 

-1* 743449E-01 

0.0 

6 

G 

0.0 

-9.503011E-28 

7.040344E-01 

1 .8933986-01 

0.0 

0.0 

7 

G 

3.010605E-28 

0.0 

0.0 

0.0 

-3.458518E-01 

0.0 

8 

G 

7.109578E-28 

«.o 

7 .1 13585E- 01 

0.0 

-2.463882E-01 

0.0 

9 

G 

0.0 

0.0 

1.00000 0E+ 00 

0.0 

0.0 

0.0 


SUBCASE 2 


R3 


BUCKLING OF A SINPLY- SUPPORTED RECTANGULAR PLATE UNDER UNIFORN JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 19 

COMPRESSION 


MESSAGES FROM THE PLOT MODULE 


THE FOLLOWING PLOTS ARE FOR A CALCOHP 765 INCREMENTAL PLOTTER (2 CHARAC TERS /COMMAND - .005 STEP SIZE! 
AN END-OF-FILE MARK FOLLOWS THE LAST PLOT 


THE FIRST COMMAND FOR EACH PLOT CONTAINS THE PLOT NUMBER 


PEN 1 - SIZE 1, BLACK 


ENGINEERING DATA 


ORTHOGRAPHIC PROJECTION 

ROTATIONS (OEGREESI - GAMMA « 34.27, BETA = 23.17, ALPHA * 0.00, AXES = +X.+Y,+Z, SYMMETRIC 

SCALE (08JECT-T0-PL0T SIZE) * 6.248091E-0 1 

ORIGIN 1 X0 * -3.2466046+01, YO * -5. 732?926+ 00 (INCHES l 


BUCKLING OF A SIMPLY-SUPPORTED RECTANGULAR PLATE UNOER UNIFORM JANUARY 25, 1977 NASTRAN 1/ 1/77 PAGE 20 

COMPRESSION 


MESSAGES FROM THE PLOT HOOULE 

PLOT 3 MOOAL OEFORN. 2 - SUBCASE 1 - MODE 1. 489206E+0 3 - EIGENVALUE 
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Outputs From the Plot Module 

Figures A1 to A3 are outputs from the plot module, and they show various 
stages in the buckling of a simply supported rectangular plate under uniform 
compression. 

1 1/31/77 



Figure Al.- Buckling of a simply supported rectangular plate 
under uniform compression; undeformed shape. 


2 1/31/77 Maximum deformation = 9.82956-07 



Figure A2.- Buckling of a simply supported rectangular plate 
under uniform compression; static deformation; subcase 1, 
load 10. 
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3 1/31/77 Maximum deformation = 1.00000000 



Figure A3.- Buckling of a simply supported rectangular plate 
under uniform compression; modal deformation; subcase 2; 
mode 1. 


Matrix Operation and Data Block Manipulation 

This problem shows how to use the matrix operations and manipulate data 
blocks. 

Model 

No model. 

The following matrices are input by means of DMI bulk data card: 
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Matrix Operation and Data Block Manipulation DMAP Sequence 


1. XDMAP 

2. DECOMP 

3. FBS 

4. MATPRN 

5. PARTN 

6. MERGE 

7. MATPRN 

8. MATPRN 

9. MPYAD 

10. SOLVE 

11. MATPRN 

12. TRNSP 

13. DIAGONAL 

14. SCALAR 

15. MATPRN 

16. OUTPUT2 

17. INP0TT2 

18. MATPRN 

19. SET VAL 

20. COPY 

21. SWITCH 

22. SWITCH 

23. MATPRN 

24. PARAMR 

25. PARAML 

26. LABEL 

27. PARAMR 

28. PARAMR 

29. PRTPARM 

30. EXIT 

31. REPT 

32. END 


ERR=2, LIST, REF £ MATRIX AND DATA BLOCK MANIPULATIONS 

A/L,U///MINDIAG/DET/POWER/SI NG £ 

L»U»B/X/1 £ 

A,L,U,B»X // £ 

A,CP,RP/All,A21,A12,A22/ $ 

A11,A21,A12,A22,CP,RP/Y/ $ 

Y ,CP ,RP// $ 

A1 1 , A21 , A12, A22 $ 

A , B/Z/O/ £ 

A , B/W/ £ W SHOULD EQUAL X 
X,W,Z £ 

A/V $ V SHOULD EQUAL A( SYMMETRY) 

A/T//0.$ GET IDENTITY MATRIX 
T $ 

V, T//£ 

A » B/ /- I / 1 1 / $ 

/C,D/-1/11 $ A =C , B = 0 
C , D/ / $ 

//S,N, ISW/-1 £ 

A/E/ISW $ 

A,B//ISW $ 

A,B//ISW $ 

E , A , B / / $ 

//*ADD*/X2/0. /O. $ 

A//*DMI*///V,N,X1/ $ 

LOOP £ 

//^ADD^/X 1 / X 1 / 1 . $ 

//*MPY*/X2/X2/2. £ 

//O £ 

3 £ 

LOOP , NLOOP £ 

£ 


Description of DMAP Sequence for Matrix Operations and Data Block Manipulations 

2. DEC0MP decomposes square matrix [a] into upper [if] and lower [l] 
triangular factors. 

3. FBS solves the matrix equation [l] [u] [x] = [b] . 

5. PARTN partitions [a] into [All] , [a 123, [A2l[] , and \A22 \ . 

6. MERGE forms the matrix [y] from the partitions in step 5; [a] = [y] . 

9. MPYAD performs matrix multiplication [a] [b]] = [z|] . 

10. S0LVE solves the matrix equation [a] [w] = [b] . [w] = [x] from step 3. 

12. TRNSP forms [a] T given [a] . [a] T = [u[j = [a] because of symmetry. 

13. DIAG0NAL removes the real part of the diagonal from matrix [a] , raises 
each term to the 0 (zero) power, and outputs the identity matrix [tJ . 
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14. SCALAR extracts element from row 1, column 1 of [t]. 

16. 0UTPUT2 writes data blocks [a] and [b] onto unit 11. 

17. INPUTT2 reads data blocks [c] and [d] from unit 11. [a] = [c] , 

[b] = [d]. 

19. SETVAL sets DMAP parameter variable ISW = -1. 

20. C0PY copies data block [a] onto [e]. 

21. SWITCH interchanges data block names for [a] and [b] . 

22. SWITCH interchanges data block names for [a] and [b] back to original 
names . 

24. PARAMR adds 0. + 0. and stores in parameter X2. 

25. PARMAL selects parameter 1. from [a] and stress in XI. 

26. LABEL starts a loop. 

27. PARAMR adds 1 to XI and stores back into XI. 

28. PARAMR multiplies X2 by 2 and stores back into X2. 

29. PRTPARM prints all parameters. 

30. EXIT will conditionally terminate job after the EXIT instruction has been 
ignored 3 times. 

31. REPT repeats group of DMAP instructions starting at step 26 NL00P times. 
NL00P set by a parameter. 

Matrix Operation Sample Problem 

JANUARY 24* 1977 NASTRAN 1/ 1/77 PACE 1 

NASTRAN FXECUTIVE CONTROL DECK ECHO 

10 MIN1TRAN, DEMO-4 

APP DMAP 

XOHAP ERR=2»LIST*REF t 

(SEE NASTRAN SOURCE PROGRAM COMPILATION FOR LISTING OF DMAP SEQUENCE* 

END % 

TIME 3 

CEND 

JANUARY 24 1 1977 NASTRAN 1/ 1/77 PAGE 2 

CASE CONTROL DECK ECHO 

CAPO 

COUNT 

I BEGIN BULK 
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JANUARY 24. 1977 N AS TP AN 1/ 1/77 PAGE 6 

MATPIX A CGI NO NAME 101 1 IS A PEAL 3 COLUMN X 3 ROM SYMETPIC MATRIX. 

COLUMN l POMS 1 THRU 3 — — 

1.00000E*00 5.00000E-01 3.33330E-01 

COLUMN 2 POMS 1 THRU 3 

5.00000E-01 3.33330E-Q1 2.50000E-01 

COLUMN 3 ROMS 1 THRU 3 

3.3333 OE -01 2.S000QE-01 2.00000E-01 

THE NUMBER OF NON-ZERO WOPOS IN THE LONGEST RECORD s 3 

THE OENSITY OF THIS MATRIX IS 100.00 PERCENT. 


JANUARY 24. 1977 NASTRAN 1/ 1/77 PAGE 7 

MATRIX L (GINO NAME 102 * IS A REAL 3 COLUMN X 3 ROM LOM TRt MATRIX. 

COLUMN l ROMS 1 THRU 3 .... 

1.00000E*0Q -5.00000E-01 -3.33330E-01 

COLUMN 2 ROMS 2 T MRU J .... ....... 

B.33300E-02 - i . 00006E*0 0 

COLUMN 3 ROMS J THRU 3 

S.S5111E-03 

IH?. NUMBER OF NON-ZERO MOROS IN the LONGEST RECORD « 3 

THE OENSITY OF THIS MATRIX IS 66.66 PERCENT. 
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JANUARY 24, 1977 NASTRAN 1/ 1/77 


MATRIX B CGINO NAME 104 ) IS A REAL 1 COLUMN X 3 RON RECTANG MATRIX, 

COLUMN 1 RONS l THRU 3 ... .... — ............... 

1 • OOC 00E + 00 ?.OOO00E»0O 3.00000E*G0 

THF NUMBER OF N0N-7ER0 MORTIS IN THE LONGEST RECORD s 3 

THF DENSITY OF THIS MATRIX IS 100.00 PFRCENT. 


JANUARY 24. 1977 NASTRAN 1/ 1/77 


l COLUMN X 


3 ROW RECTANG MATRIX. 


MATRIX X IGTNO NAME 105 I IS A REAL 

COLUMN l ROMS 1 THRU 3 .... 

2.70321ET01 -1 • 9? 164E * 0 ? P.10153E+02 

THF NUMBER OF NON-7ERO MOROS IN THE LONGFST RECORD = 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 

••• SYSTEM WARNING MESSAGE 2172, ROW AND COLUMN PARTITIONING VECTORS DO NOT HAVE IDENTICAL ORDERING OF ZERO 

AND NON-ZERO ELEMENTS* AND SYM FLAG INCICATES THAT A SYMMETRIC PARTITION OR MERGE IS TO BE PERFORHEO. 

*** SYSTEM WARNING MESSAGE 2172, ROM ANO COLUMN PARTITIONING VECTORS DO NOT HAVE IDENTICAL ORDERING OF ZERO 

AND NON-7FRO ELEMENTS. ANn SYM FLAG INDICATES THAT A SYMMETRIC PARTITION OR MERGE IS TO BE PERFORMED, 


JANUARY 24* 1977 NASTRAN 1/ 1/77 


MATRIX Y IGINO NAME 101 I IS A REAL 3 COLUMN X 3 ROM SYMETRIC MATRIX. 

COLUMN l ROMS 1 THRU 3 

1. 000 00E + 00 5. 00000 E- 01 3.33330E-01 

COLUMN 7 ROMS 1 THRU 3 — — ......... 

5.00000E-01 3.33330E-01 2.50000E-01 

COLUMN 3 POMS 1 THRU 3 

3.33330F-01 2.50000E-01 P.00000E-OI 

THE NUMBER OF NON-7ERO WORDS IN THE LONGEST PFCORD = 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 


JANUARY 24. 1977 NASTRAN 1/ 1/77 


MATRIX C D (GINO NAME 102 1 IS A REAL 1 COLUMN X 3 ROM RECTANG MATRIX. 

COLUMN 1 ROMS l THRU 2 

1 . 00 OQOE + OO 1.000GOE + 00 

THF NUMBER OF NON-ZERO HOPDS IN THE LONGEST RECORD * 2 

THE DENSITY OF THIS MATRIX IS 66.66 PERCENT. 
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JANUARY 24, 1977 NASTRAN 1/ 1/77 PAGE 12 


MATRIX R» (GINO NAME 103 I IS A REAL 1 COLUMN X 3 ROW RECTANG MATRIX, 

COLUMN l ROWS 2 THRU 3 — 

1.0 0 000EM30 1 . 000 Q0E»Q0 

THE NUMBER OP NON-7ERO WORDS TN THE LONGEST RECORO = 2 

THF Of NS IT y of THIS matrix IS 66.66 PERCENT, 


JANUARY 24, 1977 NASTRAM 1/ 1/77 PAGE 13 


MATRIX All ( G I NO NAME 101 I IS A REAL 

COLUMN 1 ROWS 1 THRU 1 

3.33330E-01 

THF NUMBER OF NON-ZERO WOROS IN THE LONGEST RECORD = 
THE DENSITY OF THIS MATRIX IS 100,00 PERCENT, 


1 COLUMN X 1 ROW SYHETRIC MATRIX. 


JANUARY 24, 19 77 NASTRAM 1/ 1/77 PAGE 14 


MATRIX A 2 1 ( G I NO NAME 102 > IS A RFA L l COLUMN X 2 ROW RECTANG MATRIX. 

COLUMN 1 ROWS l THRU 2 — — ----- 

2.500 OOE-Ol 2.000 00E-01 

THE NUMBER OF N0N-7ERO WOROS IN THE LONGEST RECORO = 2 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 

JANUARY 24, 1977 NASTRAM 1/ 1/77 PAGE 15 

MATRIX A 1 2 1GTNP NAME 103 ) IS A REAL 2 COLUMN X 1 ROW RECTANG MATRIX, 

COLUMN 1 ROWS 1 THRU l — — --- 

1, OOOOOE+OO 

COLUMN 2 ROWS l THRU 1 

5.000 00E-01 

THE NUMBER OF NON-ZERO WOROS IN THE LONGEST RECORO « 1 

THE OENSTTV OF THIS MATRIX IS 100,00 PERCENT. 


JANUARY 24, 1977 NASTRAM 1/ 1/77 PAGE 16 


MATRIX A22 (GINO NAME 104 ) IS A REAL 2 COLUMN X 2 ROW SYMETRIC MATRIX • 

COLUMN 1 ROWS t THRU 2 .................. 

5.00000E-01 3.33330E-01 

COLUMN 2 ROWS 1 THRU 2 — ------------- 

3.33330E-01 2.50000E-01 

THE NUMBER OF NON-ZERO WOROS IN THE LONGEST RFCORO = 2 

THE OENSITY OF THIS MATRIX IS 100.00 PERCENT. 

METHOD 1 NT *NRR PASSES * 

l 

•••USER INFORMATION MESSAGE 30 23- -PARA PETERS FOR SYMMETRIC OECOMPOSIf ION OF 
TIME ESTIMATE* 1 C AVG =2 PC AVG 

ADDITIONAL CORE* -15660 C MAX * 3 PCMAX 


WEST 

. TIME * 

00.0 



OATA 

BLOCK A 

< N = 

3 

) 

- 

0 

SPILL 

GROUPS = 

0 

S AVG 

= 

0 

PC 

GROUPS = 

0 

PREFACE LOOPS 


285 



APPENDIX 


JANUARY 24. 1977 NASTRAN 1/ 1/77 


MATRIX X fCINO NAME 101 > IS A REAL 1 COLUMN X 3 ROW RECTANG MATRIX* 

COLUMN 1 RONS l THRU 3 

Z.70321E»01 -1.92164E+Q2 2.10153E*02 

THE NUMBER OF N0N-7ER0 HOROS IN THE LONGEST RECORD * 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 


JANUARY 24. 1977 NASTRAN 1/ t/77 

MATRIX M CGINO NAME 102 » IS A REAL 1 COLUMN X 3 RON RECTANG MATRIX. 

COLUMN 1 RONS 1 THRU 3 ......... 

2.70 32 IE *01 -1.92 164E*0 2 2.10153E*02 

THE NUMBER OF NON-ZERO MORDS IN THE LONGEST RECORD * 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 


JANUARY 24, 1977 NASTRAN 1/ 1/77 


MATRIX Z CGINO NAME 103 » IS A REAL 1 COLUMN X 3 RON RECTANG MATRIX. 

COLUMN 1 RONS 1 THRU 3 — — — 

2. 99999E* 00 1.91666E*00 l.43333E*00 

THE NUMBER OF NON-7ERO M9R0S IN THE LONGEST RECORD = 3 

THF DENSITY OF THIS MATRIX IS 100.00 PERCENT. 

VALUE OF ELEMENT T C l, 1) * ( t . 0 0 0 00 00 E *0 0 » D.E*00 I 


JANUARY 24, 1977 NASTRAN 1/ 1/77 


MATRIX V 

CGINO 

NAME 101 ) 

IS A PEAL 

COLUMN 1 

RONS 

1 THRU 

3 

l. 000 00E*00 

5.00000E-01 

3.33330E-01 


COLUMN 2 

OOMS 

1 THRU 

3 

9.00000E-Q1 

3.33330E-01 

2.50000E-01 


COLUMN 3 

RONS 

1 THRU 

3 

3. 3333 0E •01 

2.50000E-01 

?• 0 OOOOF-O 1 



THE NUMBER OF NON-ZERO HOROS IN THE LONGEST RECORD = 
THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 


3 COLUMN X 3 ROM SYHETRIC MATRIX. 


3 
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JANUARY 24. 1977 NASTRAN 1/ 1/77 PAGE 21 

MATRIX T (GINO NAME 102 > IS A REAL 1 COLUMN X 3 ROM RECTANG MATRIX. 

COLUMN 1 ROMS 1 THRU 3 — — ... — - — 

1 » 000 OOE + OO 1 .OOQQQE+QQ 1.00000E + 00 
THE NUMBEP OF NON-ZERO HOPOS IN THE LONGEST PECORO = 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 

*** USER INFORMATION MESSAGE 4114. 

DATA BLOCK A WRITTEN ON FORTRAN UNIT 11, TRL = 

101 . 3 3 6 1 3 10000 l 

USER INFORMATION MESSAGE 4114. 

DATA BLOCK R WRITTEN ON FORTRAN UNIT 11, T°L = 

102 13 2 1 3 10000 1 

*** USER INFORMATION MESSAGE 4105, DATA BLOCK C RETRIEVED FROM FORTRAN TAPE 11 

NAME OF DATA BLOCK WHEN D L ACED ON FORTRAN TAPE WAS A 

USER INFORMATION MESSAGE 4105, OATA BLOCK O RETRIEVED FROM FORTRAN TAPE ll 

NAME OF OATA BLOCK WHEN PLACFD ON FORTRAN TAPE WAS 8 

JANUARY 24. 1877 NASTRAN t/ 1/77 PAGE 22 

MATRIX C (GINO NAME 101 I IS A REAL 3 COLUMN X 3 ROW SYMETRIC MATRIX. 

column i rows i thru 3 — - — --- — 

1.00000E + 00 5.00 00 OF- 01 3.3 33 30E-01 

COLUMN 2 ROWS 1 THRU 3 

5.00000E-01 3.333J0E-01 2.50000E-01 

COLUMN 3 ROWS 1 THRU 3 -- — 

3.33330E-01 2.50000F-01 2.00000E-01 

THE NUMBER OF N0N-7ER0 WOPOS IN THE LONGEST PECORO = 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 


JANUARY 24, 1877 NASTRAN 1/ 1/77 PAGE 23 

MATRIX O (GINO NAME 102 ) IS A REAL l COLUMN X 3 ROW RECTANG MATRIX. 

COLUMN 1 ROWS 1 THRU 3 

l.OOQOOE+OO 2.00000E»00 3.0000DE+00 

THE NUMBER OF NON-ZERO WORDS IN THE LONGEST RECORD = 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 


JANUARY 24. 1877 NASTRAN 1/ 1/77 PAGE 24 

MATRIX E (GINO NAME 101 » IS A REAL 3 COLUMN X 3 ROW SYMETPIC MATPIX, 

COLUMN 1 ROWS 1 THRU 3 

1. OODOOE+OO 5.000 00 E- 01 3.33330E-01 

COLUMN 2 ROWS 1 THRU 3 

5.00 0 0 QE-01 3. 33330E-0 1 2.500QDE-01 

COLUMN 3 ROMS 1 THRU 3 ............................ 

3,3333 DE-0 1 2.50000E-01 2.00000E-01 

THE NUMHER OF NON-ZERO WORDS IN THE LONGEST RECORn = 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 
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MATRIX A 

tGINO 

NAME 102 > 

IS A REAL 

3 COLUMN X 

3 ROM SYMETRIC MATRIX, 

1.0000 OE +00 
COLUMN 2 

5.00000E-01 
COLUMN 3 

3.33330E-01 

5. QOOOOE-Ol 

3.33330E-01 




3. 33330E-01 

2.500 OOE-Ol 




2 • 50 00 OE- 01 

2.000 OOE-Ol 





THE NUMBER OF NON-ZERO WOROS IN THE LONGEST PECORO * 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 
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MATRIX B (GINO NAME 103 1 IS A REAL 1 COLUMN X 3 ROM RECTANG HATRtX. 

COLUMN 1 ROMS 1 THRU 3 * — — — — - 

1.0000 OE + 00 2. 00 OOOE + QO 3.00000E + 00 

THE NUMBER OF N0N-7ER0 MOROS IN THE LONGEST RECORD = 3 

THE DENSITY OF THIS MATRIX IS 100.00 PERCENT. 
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CONTE NTS 


OF PARAMETER TABLE 


MINOIAG 

OE T 

POWER 

SING 

ISM 

X2 

XI 


0 

0 

0 

0 

-l 

0 

2. OOOOOOE+OO 
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CONTENTS OF PARAMETER TABLE 


MINOIAG 

OET 

POWER 

SING 

rsw 

X2 

XI 


0 

0 

0 

0 

-l 

0 

3. OOOOOOE+OO 
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CONTENTS OF PARAMETER TABLE 


MI NOT AG 

OET 

POWER 

SING 

ISW 

X2 

xi 


0 

0 

0 

0 

-1 

0 

4*0 0 OOOOE+O 0 
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CONTENTS OF PARAMETER TABLE 


MTNDIAG 0 

OET 0 

POWER 0 

SING 0 

ISW -1 

X2 0 

XI 


5. OOOOOOE*00 
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